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ABSTRACT
S ocial behaviour involv ing  con tac t among l i t te rm a te s  
and between p aren ts  and young has been s tu d ied  and compared 
in  two species  o f micro t in e  rodents- and two species  o f  caviomorph 
rodents. Parent-young con tac t and ju v en ile  in te ra c tio n s  involv ing  
body nosing, allogroom ing and p lay  were recorded.
One species  each of th e  m icrotine and caviomorph roden ts 
was believed  from e a r l ie r  s tu d ie s  o f a d u lt  so c ia l behaviour to  
be more s o c ia lly  to le ra n t  and communal than the  o ther; th i s  study 
explored the hypothesis th a t the  two more to le ra n t  sp ec ies,
Microtus ochrogaster and 0etc don degus, would d i f f e r  from th e i r  
coun terparts  Microtus pennsylvanicus and Octodontomys g liro id e s
re sp e c tiv e ly  w ith regard  to  the ju v en ile  and parent-young
behaviours observed. I t  was found th a t  in  M. ochrogaster both
p aren ts  spent more time in  con tac t w ith th e i r  young than in
M. pennsylvanicus. F u rth er, young M. och rogaster d isp layed  more
body nosing, allogrooming and s i t t i n g  in  co n tac t, and more
re c ip ro c ity  in  th e i r  in te ra c tio n s  than d id  M. pennsylvanicus.
Octodon paren ts  and young en ^g ed  in  more co n tac t behaviours
such a s  huddling, allogrooming and forepaw -clasping than d id
Octodontomys, whereas Octodontomys d isp layed  more freq u en t and
vigorous locomotor and ro ta t io n a l  movements than did  Octodon.
In  Octodon, the fa th e r  tended to  dominate father-young in te ra c t io n s .
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and young in te ra c te d  le s s  w ith each o th e r and th e i r  mother in  
h is  presence than in  h is  absence; such p a te rn a l dominance was 
no t ev iden t in  Octodontomys.
Although the  s o c ia l  behaviour re p e r to ire  was s im ila r  in  the  
M icrotus and the  caviomorph young, some d iffe re n ce s  in  the use 
o f the re p e r to ire  were p red ic ted  owing to  d iffe ren ces  between 
th e  two groups in  phylogeny, and the  r e la t iv e ly  g re a te r  longev ity , 
lower r a te  o f reproduction , and g re a te r  a b i l i t y  fo r  complex 
lea rn in g  in  th ese  caviomor^hs. Two major re le v a n t d iffe ren ces  
were found when Octodon and M. och rogaster were compared; th ere  
was more p hysica l manoeuvering (such a s  m utual-upright in te ra c tio n  
and forepaw -clasping) in  th e  p lay  o f  Octodon young, and spontaneous 
in te ra c tio n  le v e ls  among s ib lin g s  were g re a te r  in  Octodon. These 
and o th e r d iffe re n c es  may r e la te  to  th e  development o f moire 
complex s o c ia l  re la tio n s h ip s  in  these caviomorjhs than in  the  
M icrotus.
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This th e s is  p re sen ts  th e  r e s u l t s  o f an in v e s tig a tio n  
in to  the ways in  which the  young of fo u r roden t spec ies  use 
nosing o f th e  body and bod ily  con tac t during non-aggressive 
in te ra c tio n s  w ith th e i r  p aren ts  and nonspecific  young. Although 
th e  study was c a rr ie d  ou t in  c a p tiv ity , environmental cond itions 
were created  which were believed  to  be ap p ro p ria te  f o r  promoting 
the n a tu ra l behaviour o f the young o f each sp ec ies.
Two d if f e r e n t  kinds o f roden t were se le c ted  fo r  the  
study o f  ju v en ile  and parent-young behaviour. Two North American 
species  o f vole (C rice tid ae : Microtus ochrogaster and M icrotus 
pennsylvanicus) were chosen. These a re  sm all roden ts (a d u lt 
body weight ca. 30g), a re  r e la t iv e ly  s h o r t- liv e d  ( l i f e  span 
in  c a p tiv ity  o f about a y ea r), have a sh o rt g e s ta tio n  ( th ree  
weeks), and may e x h ib it  continuous breeding over sev era l 
months. Two species  o f  South American caviomorph roden t 
(Octodontidae: Octodon degus and Octodontomys g l i ro id e s ) 
were a ls o  se le c te d . These a re  medium-sized roden ts (a d u lt  
body w e i^ t  ca. 230g and 200g in  Octodon and Octodontomys 
re sp e c tiv e ly ) , a re  r e la t iv e ly  lo n g -liv ed  ( life -sp a n  in  
c a p tiv i ty  of about f iv e  y e a rs ) , have a long g e s ta tio n  
(12 weeks in  Octodon, I5 weeks in  Octodontomys), and give 
b ir th  only  once o r  tw ice a year. Whereas the genus M icrotus 
inc ludes 44 spec ies  having a combined range covering much o f 
North America and the  northern  Eurasian co n tin en t, th e  genus 
Octodon has only th re e  sp ec ies , a l l  confined in  occurrence to
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C hile, and Octodontomys g liro id e s  i s  the only spec ies  in  the genus, 
lim ited  in  i t s  range to  mountainous a reas  o f C hile, B oliv ia 
£Uid A rgentina (Walker, 1975)«
A lth o u ^  m icrotine and octodontid  species a re  d if fe re n t 
p h y lo g en e tica lly , p h y sica lly  and eco lo g ica lly , they have been 
found to  share in  common c e r ta in  ju v en ile  s o c ia l  behaviour 
p a tte rn s  in c lu d in g  r e p e t i t iv e  s n if f in g  and grooming o f 
th e  snout, neck and rump reg io n s, dyadic in te ra c tio n s  in  the 
m utual-upright p o s itio n , and rap id  jumping, z ig -zag  running, 
and head-shaking (lo co m o to r-ro ta tio n a l 'p la y ' movements).
In  an e a r l i e r  study o f a B r i t is h  vole spec ies  (Microtus 
a g r e s t i s ; Wilson, 1973), I  found th a t  young o r sexually  immature 
voles f re y ie n tly  engaged each o th e r  in  nosing o f the  th ree  
above-mentioned body reg io n s . This behaviour occurred rep ea ted ly  
during dyadic encounters between s tra n g e rs , lead ing  u ltim a te ly  
to  ex tensive  bodily  con tac t and n es t-sh a rin g . S im ila r  r e p e t i t iv e  
body nosing a lso  occurred on th e  p a r t  o f  cohabiting  l i t te rm a te s
during a c t iv i ty  periods; in  th is  con tex t the young o ften  nosed 
one ano ther w hile moving around the enclosure. Locomotor- 
ro ta tio n a l  'p la y ' movements often  occurred in  th is  con tex t.
An animal would give a p lay  movement u sually  ju s t  before o r a f t e r  
nosing a companion, but sometimes a lso  when moving p as t a 
l i t te rm a te .  During th i s  study I  was ab le  to  e x tra c t  a substance 
from the skin surface of the neck o f young vo les; when such an 
e x tra c t was o ffered  to  a l i t t e r  (on a cotton b a l l  and on the neck of 
a l i t t e r  member), the l i t t e r  rep ea ted ly  nosed i t  and gave more play 
movements than normal. Subsequent observations of caviomorph roden t 
young in  l i t t e r  groups (Wilson and Kleiman, 1974) suggested th a t  in
4these anim als a lso , body nosing among s ib lin g s  as  they moved around 
during a c t iv i ty  periods o ften  led  to  lo com oto r-ro ta tional 'play* 
movements and m u tu a l-u p r i^ t  'p la y ' in te ra c tio n s . In Octodon and 
Octodontomys most (more than 80^) ro ta tio n a l  movements (head-shaking 
and body tw is tin g ) and more than h a lf  of play jumps occurred immediately 
upon nosing the body of ano ther anim al (s ib lin g  o r p a ren t). In both 
sp ec ies , nosing of the neck area  was the behaviour most freq u en tly  
preceding these p lay  movements.
These s im i la r i t ie s  between the Microtus and the caviomorphs 
with re sp ec t to ju v en ile  so c ia l in te ra c tio n s  and play prompted the 
p resen t more d e ta ile d  study of ju v en ile  s o c ia l  behaviour and i t s  
ontogeny in  both types of rodent. Whereas these e a r l i e r  s tu d ie s  focussed 
mainly on p lay  behaviour among l i t te rm a te s ,  and e sp e c ia lly  on nosing  of 
the body as  a stim ulus fo r  locom oto r-ro ta tional movements, th e  p resen t study 
encompasses a l l  forms of con tac t observed to  occur between the 
young rodent and i t s  paren ts  and peers. Body nosing exchanges, 
in te ra c tio n s  involving physica l manoeuvering (such a s  the  
m utual-upright) and locom oto r-ro ta tional movements a re  freq u en t 
while the anim als a re  a c tiv e ly  moving around, so c ia l grooming 
(allogrooming) tends to  p re v a il  when the anim als a re  s e t t l in g  
down to  r e s t ,  and bodily  con tac t occurs mainly when the anim als 
a re  re s t in g  or vrtien th e  young a re  nursing .
Within each of the two rodent types s tu d ied , one spec ies  
(M icrotus ochrogaster and Octodon degus) i s  believed , from e a r l i e r  
s tu d ie s  o f a d u lt  so c ia l behaviour (F itch , 195?; Getz, 1962; Krebs,
1970; Thomas and B im ey, 1979; Madison, 1980; Fulk, 1976; Kleiman,
1974) to  be more s o c ia lly  to le ra n t and communal than the o th e r  
(Microtus pennsylvanicus and Octodontomys g l i ro id e s ) . Since 
behaviours involv ing  con tact account form a major p a r t  o f  
the young ro d e n t 's  behaviour re p e r to ire ,  and thus e a rly  s o c ia l
3experience, i t  was p red ic ted  th a t  d iffe ren ces  between the more 
and le s s  s o c ia lly  to le ra n t  and communal species of each o f the  
two rodent types would be found w ith re sp e c t to  the amount o f 
v arious con tac t behaviours between p aren ts  and young and among 
ju v en ile s . The le v e l o f occurrence o f these con tact behaviours 
i s  described  q u a n ti ta t iv e ly  fo r  each in d iv id u a l sp ec ies , and 
subsequently the  species are compared in  o rder to  explore the  
ex ten t to  which these behaviours appear to  be co rre la ted  
w ith the  type o f s o c ia l  s tru c tu re .
I t  i s  assumed th a t  a l l  the forms o f con tact d iscussed  
in  th i s  study r e la te  in  some way to  in te r - in d iv id u a l 
id e n t i f ic a t io n  and a t t r a c t io n ,  and s o c ia l  re la tio n s h ip s . F u rth e r, 
i t  i s  assumed th a t  con tac t behaviours, p a r t ic u la r ly  body 
s n if f in g  and grooming, involve o lfa c to ry  exchange. These 
assumptions a re  c o n s is te n t w ith th e  conclusions o f o th e r 
au th o rs. In  the  f ly in g  phalan g er (M arsupalia: Petaurus 
b rev icep s) in d iv id u a ls  exude odour from d if f e r e n t  body reg io n s , 
and members of a community s n i f f  one ano ther w ith a p re d ic ta b le  
fre<^uency th a t  s ig n if ie s  a  s o c ia l  'a sso c ia tio n *  between the  
in d iv id u a ls  (Schulze-Westrum, I 969) . B arnett ( I 963) has described  
body nosing in  w ild r a t s  (B attus norvegicus) , and bo a lso  have 
Happold (1976 a , b) in  fo u r species  o f A u stra lian  co n ilu rin e  
roden ts (M uridae), Kalkowski ( I 967; 1972) in  lab o ra to ry  mice, 
and E l l i o t t  (1978) in  the ea s te rn  chipmunk (Tamias s t r i a tu s ) .
Sale ( 1970) in  th e  rock hyrax (Pendrohyrax, S p .) , Müller-Schwarze 
( 1971) in  young b la c k - ta ile d  deer (Odocoileus hemionus columbianus), 
and Wilson and Kleiman (1974) in  the  harbour s e a l (Phoca v i tu l in a
concolor), and P o rte r  e t  a l .  (1978) in  spiny mice (Acomys c a h ir in u s ). 
S toddart (1974) reviewed some e a r l i e r  l i t e r a tu r e  on r a t s ,  mice 
and vo les which p o in ts  towards an o lfa c to ry  b a s is  fo r  group 
cohesion. These au th o rs  have noted the prevalence o f body nosing 
and o th e r forms o f body co n tac t, and have considered these  
behaviours to  co n trib u te  to  in d iv id u a l id e n t i f ic a t io n  and to 
promote so c ia l cohesion. I t  i s  l ik e ly ,  however, th a t  the  p rec ise  
function  of these  behaviours may vary from species to  sp ec ies.
For the purpose o f th is  study, young anim als were observed in  
two p r in c ip a l co n tex ts, i . e .  in  undisturbed fam ily groups (to g e th e r with 
th e i r  s ib lin g s  and one o r both p aren ts) and in  dyadic encounters 
w ith conspecifics  o f s im ila r  age, I  chose to  do most observations
on each species in  a context in  which the  most in ten se  s o c ia l 
a c t iv i ty  was seen, and the  context c le a r ly  d if fe re d  in  the two 
types o f  roden t. In  v o les, spontaneous a c t iv i ty  periods o f young 
in  undisturbed fam ily groups generated l i t t l e  so c ia l in te ra c tio n  
and body nosing, whereas young vo les in  dyadic encounters 
engaged ex ten siv e ly  in  body nosing in te ra c t io n s  and 'play* 
behaviours. By c o n tra s t, the caviomorphs in  th e i r  home cages 
p re d ic tab ly  engaged in  vigorous so c ia l in te ra c tio n  which 
encompassed a wide range o f  body nosing behaviour p a tte rn s , in c lu d in g  
'p lay * , but in  dyadic e n co u n t^ s  th e i r  behaviour re p e r to ire  was 
reduced. Table 1 .1  in d ic a te s  the  con tex ts in  which I  observed 
s o c ia l behaviour fo r  each o f the four sp ec ies . G enerally , I  
recorded the ju v en ile  in te ra c tio n s  o f  vo les in  the dyadic encounter 
c o n tex t, but the  caviomorphs in  the fam ily  group con tex t. The le s s  
frecjuent observations during  dyadic encounters in  the caviomorph 
study i s  a lso  due, in  p a r t ,  to  the low reproduction  r a te  and
to
c
o
•H
-P
nH
'd
C
oÜ
r—1
d•H
O
O
to
A
od
to
to
cd
Xi
A
e
o
iH
td
i
nH
-P
Q)
to (D
X>
O
i
(D +>
5
to
to
C (D«r4
Ü
to Q)
o AÜ to
c
<D -P
a0) (D
(H 'd
«H p
.H uA
up
o
rHI «H
1—1 o
œ +>r4
M
(d O
Eh «H
I
8
S
ü
I
tor
IrO
I
I
Î
t
t t
A
8
§
to ?a
1 1p to 1 1Ü
o 8
s
A 1
O
'd
to
I
o
II
1
•dI
-p
§
I
Ioa
4S
•S
to
I
II
to
§
t
IA
-P
S
I
fewer a v a ila b le  l i t t e r s  o f  these  anim als compared with the v o les. 
Parent-young con tact time fo r  Octodontomys could n o t be included 
in  th e  data s ince th is  sp ec ies , un like  the o th e r th re e , i s  s t r i c t l y  
noctu rnal and has a s in g le  peak o f so c ia l a c t iv i ty  a t  the onset 
o f darkness, when observations were made.
The M icrotus study i s  presen ted  f i r s t  (Chapters 2 and 3 ), 
follow ed by the caviomorph study (Chapters 4 and 5 ) , In  Chapter 2, 
the amount o f parent-young con tact in  the two vole spec ies  i s  
r e la te d  to  the sp ec ie s ' so c ia l s tru c tu re  and a d u lt  con tact-proneness 
described  by o th e r au th o rs . In  Chapter 3, the so c ia l behaviour o f 
ju v en ile  vo les during dyadic encounters i s  described  and compared 
in  the  two sp ec ies , and then r e la te d  to  known c h a ra c te r is t ic s  o f 
the sp ec ie s ' so c ia l s tru c tu re . Chapter 4 i s  devoted to  a d e sc rip tio n  
of parent-young and s ib l in g  so c ia l behaviour in  Octodon, 
includ ing  considera tion  o f the  ro le  of the fa th e r  in  ju v en ile  
s o c ia lis a t io n . In  Chapter 5 , the ju v en ile  so c ia l behaviour of 
Octodontomys i s  compared with th a t  o f  Octodon, and the  comparison 
i s  d iscussed  in  terms o f known and presumed a sp ec ts  o f  so c ia l 
s tru c tu re  in  the two sp ec ies.
Chapters 2, 3 and 4 have been published in  a form 
s l ig h t ly  modified from the p resen ta tio n  in  t h i s  th e s is  (Wilson,
1982 a ,  b and c ) .
CHAPTER 2
PARENT-YOUNG CONTACT IN THE VOLES MICROTUS OCHROGASTER 
AND MICROTUS PENNSYLVANICUS
10
ABSTRACT
Two species  o f M icrotus (M. ochrogaster and M. Pennsylvanicus) 
in  c a p tiv ity  were observed in  groups co n s is tin g  o f a l i t t e r  and 
the mother. O bservations were made d a ily  in  15-min bouts and 
in  ' spo t checks '. The anim als in h ab ited  extensive runs o f 
sim ulated runways, n e s t  boxes and feeding  a re a s . O bservations 
focussed on the amount o f mother-young co n tac t. This measure 
declined  w ith p o s t-n a ta l  age in  both sp ec ies , but th e re  was more 
mother-young con tac t in  M. ochrogaster than in  M. pennsylvanicus.
Some observations wer# a lso  made of mated p a ir s  w ith one 
l i t t e r .  M. ochrogaster p a ir s  spent more time to g e th e r in  con tac t 
with th e  young than did M. pennsylvanicus p a ir s ;  th i s  measure d id  
not decrease with p o s t-n a ta l  age. M. ochrogaster fa th e rs  spen t 
much time w ith the young while the mother was ou t o f Ihe n e s t;  
th i s  time was h igh ly  c o rre la te d  with m aternal time away from th e  
n e s t, although the  c o rre la tio n  decreased w ith p o s t-n a ta l  age.
In M. pennsylvanicus, father-young con tac t time while th e  mother 
was ou t o f  the n e s t was only c o rre la te d  with m aternal time away 
during the f i r s t  p o s t-n a ta l  week. Mated mothers o f  both spec ies  
^ v e  b ir th  again  on p o s t-n a ta l d20-21; M. ochrogaster mothers 
remained in  the  same n e s t w ith  the former l i t t e r ,  whereas 
m aternal con tac t with the  former l i t t e r  decreased markedly towards 
the  nex t b ir th  in  M. pennsylvanicus.
11 :
The r e s u l ts  o f th i s  s tudy  a re  d iscussed  with re fe ren ce  
to  o th e r  captive and f ie ld  s tu d ie s  o f parent-young co n tac t in  
these  sp ec ies .
12 :
INTRODUCTION
B am ett (1963) specu lated  th a t  th e  alm ost continuous 
s tim u la tio n  experienced by in fa n t r a t s  from the  mother might 
in fluence la t e r  huddling behaviour. Such a causal re la tio n s h ip  
has y e t to  be found, bu t Happold (l9?6b) found a c o rre la tio n  
between the amount of s o c ia l  con tac t received  by in fa n ts  in  
the n es t and l a t e r  contact-proneness among d if f e re n t  species  o f 
co n ilu rin e  rodents (Muridae). Such a c o rre la tio n  may tu rn  out 
to  be widespread among mammals (Eisenberg, 1977).
The aim of the  study described  in  th i s  chap ter was to 
t e s t  the hypothesis th a t  in fa n ts  o f the p r a i r ie  vole (M icrotus 
och rogaster) experience more body con tac t from th e i r  p aren ts  
than do meadow vole (M. pennsylvanicus) in fa n ts ,  and th a t  the  amount 
of con tac t w ith paren ts  a s  n e s tlin g s  may be c o rre la te d  with 
the degree o f l a t e r  contact-proneness in  these  two c lo se ly  
re la te d  spec ies.
P reviously  published l i t e r a tu r e  suggests th a t  the  p r a i r ie  vole 
i s  a h igh ly  contact-prone spec ies. A dult-sized  in d iv id u a ls  have 
been found huddling to g e th e r in  the f i e ld  (F itch , 1957) and m te d  
p a irs  in  c a p tiv ity  huddle c lo se ly  to g e th e r (Thomas and B im ey, 1979). 
During a d u lt  dyadic encounters, a d u lt p r a i r ie  vo les  engage in  
much body con tact and allogroom ing when compared w ith meadow vo les 
(Getz, 1962; Krebs, 1970), and I  w i l l  show, in  Chapter 3 o f th is  th e s is ,  
th a t the same i s  tru e  o f weanlings o f these  two sp ec ies . There i s  
evidence from both cap tive  and n a tu ra lly  occurring  voles th a t  p r a i r ie
,13
voles tend to  a s so c ia te  and breed in  raonogomous p a ir s ,  and th a t  
these  p a irs  a re  in to le ra n t  o f  un fam ilia r conspecifics  (Thomas 
and B im ey, 1979; Getz e t  a l . ,  1981). P a ir  a sso c ia tio n s  do n o t 
appear to  occur in  meadow voles under n a tu ra l conditions (Madison, 
1980; Getz e t a l . ,  1981). C ircum stan tia l evidence fo r  pair-bonding  
in  p r a i r ie  voles includes the re fu sa l o f a re c e n tly  mated male 
to  mate w ith a strange oestrous female in  p r a i r ie  vo les, bu t no t 
in  meadow voles (Gray and Dewsbury, 1973)» the n ecess ity  fo r  a 
mated p a ir  to  cohabit fo r  a t  le a s t  fou r days a f t e r  mating to  
ensure pregnancy (Richmond and Stehn, 1976), and a lso  the f in d in g  
th a t  pregnancy term ination  may be induced by a strange male 
up u n t i l  a t  le a s t  th e  f i f te e n th  day of pregnancy in  p r a i r ie  voles 
(stehn and Richmond, 1975), but only in  the p re-im p lan ta tion  stage 
in  meadow voles (Clulow and Langford, 1971), F u rth er, p r a i r ie  vole 
fam ilie s  o ften  include rep ro d u ctiv e ly  immature o ffsp rin g  from 
previous l i t t e r s  (B a tz li e t  a l . , 1977; Thomas and B im ey, 1979), 
and th is  i s  a c h a ra c te r is t ic  fe a tu re  o f monogamy in  mammals 
(Kleiman, 1977). By c o n tra s t, meadow vole mothers u sua lly  leave 
the l i t t e r  and n e s t a t  weaning (Madison, 1978; 1980; 1981), and 
young apparen tly  d isp erse  sh o rtly  a f t e r  the  mother leaves (Getz, 
1972). In  the f ie ld ,  th e re fo re , n e s tlin g s  o f the two species 
undoubtedly experience d if f e re n t  s o c ia l environments.
14
ANIMALS AND METHODS
Although a  n a tu r a l is t i c  s o c ia l  environment fo r  the two 
species  should d i f f e r  on account o f t h e i r  co n tra s tin g  so c ia l 
systems, such a sim ulation  would not perm it a q u a n tita tiv e  
behavioural comparison. Thus, the s o c ia l environment was a s  
s im ila r  and uncomplicated a s  po ssib le  fo r  both species in  th i s  
study. For observations o f a mother and one l i t t e r ,  the  male 
p aren t was removed from the fam ily , and th e  mother not 
perm itted  to  become pregnant again . Although probably ra re  fo r  
e i th e r  spec ies  in  the f i e ld ,  th e  e lim ination  of the m ate 's  
presence and a subsequent pregnancy provided an opportun ity  
fo r  comparing sp e c ie s -sp e c if ic  tendencies fo r  mother and 
young to  make and m aintain con tac t. Two-parent fa m ilie s  were 
a lso  observed in  order to  d e te c t spec ies  d iffe re n c e s  in  the co n tac t 
con tac t time of males w ith mates and o ffsp rin g ; a l l  mothers 
became pregnant during these observations. These r e s u l t s  
w ill  only be summarised because of lim ited  meadow vole d a ta .
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P ra ir ie  voles o f the th ird  o r fo u rth  generation  in  c a p tiv ity  
were obtained from Dr M. Gaines, the o r ig in a l  breeding stock  having 
been captured in  the  v ic in i ty  of Lawrence, Kansas. Seven o f  these  
vo les, and two generations bred from them, were th e  su b jec ts  o f  th is  
study (and a lso  o f the  study described  in  Chapter 3).
Although w ild-caught p r a i r ie  vo les were unavailab le  s in ce  the 
study lo ca tio n  was in  V irg in ia , meadow voles from the f ie ld  were 
a v a ila b le  lo c a lly , and were used in  p reference to  an av a ila b le  
lo n g -estab lish ed  breeding stock . F ie ld -caugh t meadow voles a re  
u sually  more d i f f i c u l t  to  breed in  c a p tiv ity  than f ie ld -c a u g h t 
p r a i r ie  voles (R. K. Rose, personal communication); th is  d iffe re n ce  
may derive from the r e la t iv e ly  le s s e r  s o c ia l  to le ran ce  o f meadow 
vo les, or th e i r  strong  adrenal response to  capture (Olsen and 
Seabloom, 1973) -  o r both. Thus, use o f  meadow voles from a 
lab o ra to ry  colony might have b iased  the r e s u l ts  in  favour o f a 
s o c ia lly  to le ra n t  type fo r  which a lab o ra to ry  colony would probably 
in ad v e rten tly  s e le c t  (B arnett and S toddart, I 969) .
The lo c a l ly - c a u ^ t  meadow voles proved d i f f i c u l t  to  breed, 
but s ince  liv e -trap p ed  pregnant fem ales su ccessfu lly  reared  young in  
the observation  enclosures, these  mother-young u n its  were the study 
su b jec ts  (Table 2 , 1 ) ,  E ventually , two p a ir s ,  derived  mainly from 
f i r s t  generation  young (Table 2 .^ ) ,  su ccessfu lly  bred, and th ese  
provided the lim ited  data  on meadow vole parent-young con tac t in  
the f a th e r ’s presence.
Observation enclosures were constructed  o f commercially 
marketed p la s t ic  u n its  and formed networks o f tra n sp a ren t p la s t ic  
tunnels  (F ig. 2 .1 ) . These u n its ,  although r e s t r i c t iv e  compared w ith
16
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Figure 2#1. Observation enclosu res. a£b. H artz ’’ham ster and g e rb i l  
c a s t le ” ever a ten -g a llo n  aq.uarium tank , one of the  two type's of 
enclosure used fo r  observation . a -  top view. Screw-on doors a re  
in d ica ted  by D. E x te rio r  dimensions are  53 .5  by 35.5  cm; tunnels  
are  5 .5  cm width and h e ig h t. b -  s ide  view . The H artz u n it  i s  lin k ed  to  
the tank  below by a m etal runway lead ing  to  the tank f lo o r ,  
c. A ty p ic a l  u n it  fo r  fam ily  groups constructed  from ”H a b itr a i l” 
s e c tio n s . Each long leng th  of tunnel measured 35 cm. This was the 
second type o f enclosure used fo r  observations.
18
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the f i e ld  condition , provided the  anim als w ith o p p o rtu n itie s  to  move 
and n e s t sep a ra te ly , thus p erm ittin g  species d iffe ren c es  in  the 
amount o f parent-young con tac t to  be expressed. Two types o f observation  
enclosure were used (F ig. 2 .1 ; Table 2 .1 ) .  N esting m ate ria l o f su rg ic a l 
co tton , hay and g rass  was provided; wood shavings were used a s  a 
su b s tra te . The anim als had constan t access to  w ater and a dry-food 
m ixture o f n u ts , seeds and r a b b i t  chow; f r u i t  and vegetab les were 
given d a ily , and fre sh  g rass  was given when a v a ila b le . The enclosures 
were in  a basement room which was dimly illum inated  n a tu ra lly  in  the 
daytime and by e le c t r ic  l ig h t  in  the evening. The room was u su a lly  
in  darkness fo r  f iv e  to  seven hours a t  n ig h t, and was m aintained 
between 50 and 70 F according to  the season and time of day.
The behaviour of m o th e r- l i t te rs  groups was observed d a ily  
in  observation  bouts of I5 minutes duration  fo r  21 days post-partum .
Nine p r a i r ie  vole m o th e r - l i t te r  u n its ,  inc lud ing  s ix  d i f f e r e n t  
mothers, were observed once d a ily  a t  an a r b i t r a r i l y  chosen time 
during the  l ig h t  phase o f the d a ily  cycle. E ight d if f e r e n t  meadow 
vole mothers w ith one l i t t e r  each were observed s im ila r ly , 
although f iv e  o f the e ig h t u n its  were observed twice d a ily , w ith 
a t  le a s t  two and a h a lf  hours between each observation . For each 
^5—niin observation  the t o t a l  time the  mother spent in  continuous 
bodily  co n tac t with a t  le a s t  one in fa n t and the number o f body nosing 
con tacts between mother and young and among l i t te rm a te s  o u ts id e  the 
n e s t were recorded. 'Spot checks' were a lso  made d a ily  on each mother- 
l i t t e r  u n it ,  w ith a t  le a s t  two and a h a lf  hours between each check.
The number o f young in  the l i t t e r  ( l )  in  bodily  con tac t w ith  th e  
mother and (2) r e s t in g  w ithout the mother,' were recorded a t  each check.
20
The two and a h a lf  hour minimal in te rv a l  between 15-min 
observations and spot checks was based on the  assumption th a t  many 
sm all rodent sh o rt term a c t iv i ty  cycles have a p e r io d ic ity  o f 
about two hours (Ashby, 1972); however, la e ta t in g  vo les may 
in  f a c t  have a longer cycle than th i s ,  s ince Madison ( l9 8 l)  
found th a t  the a c t iv i ty  period o f la c ta t in g  meadow voles in  the 
f ie ld  declined  from 6 ,5  h on p o s t-n a ta l day 2 to  4 .0  h 
on day 12.
RESULTS
Since the fam ily  groups were observed a t  a r b i t r a r i l y  chosen 
tim es o f  the  day, the  amount o f parent-young co n tac t in  a 
15-min observation period  ranged from 0 - 1 5  m inutes, 
depending p a r t ly  on the  phase of the a c t iv i ty  cycle sampled 
and p a r t ly  on the age o f the young. The purpose o f th is  type o f 
data  c o lle c tio n  was to  ob tain  a s u f f ic ie n t ly  la rg e  number of 
observation samples covering a number o f d if f e r e n t  fam ilie s  
a t  a l l  phases o f the  a c t iv i ty  cycle and a r r iv e  a t  estim ates  
o f the average amount o f parent-young con tac t per 15-min 
period  occurring  a t  any given post-partum  age o f the young 
up to th ree  weeks o f age. The data a re  th e re fo re  h ighly
21
skewed, rendering  standard  measures o f variance and p resen ta tio n  
o f s c a t te r  in ap p ro p ria te . F ig. 2 .2  p resen ts  the  mean tim es o f 
mother-young con tac t fo r  each species a t  d if f e re n t  ages. The 
means a re  presen ted  here fo r  i l lu s t r a t iv e  purposes because 
o f the p rogressive n a tu re  o f  the changes with SLge, although 
a non-param etric t e s t  (The Kolmogorov-Smimov 2-sample t e s t ;
S ieg e l, 1956) was used to  compare the  species  a t  d if f e re n t  ages 
on account o f the skewed data d is tr ib u tio n . In the Kolmogorov- 
Smimov t e s t ,  the  con tac t time (to  the n e a re s t minute) fo r  each 
15-min observation  period was used s in g ly  in  comparison o f the  
magnitude and variance o f con tact tim es fo r  each spec ies.
In  accordance with the hypothesis , p r a i r ie  vole 
mothers were found to  spend more time in  bodily  con tac t w ith 
th e i r  young than were meadow vole mothers (F ig , 2 .2 ) .  The 
o n e -ta ile d  s ig n if ic an c e  o f th is  d iffe ren ce  was assessed  fo r  
the f i r s t  p o s t-n a ta l th ree-day  period  and subsequent six -day  
periods by the Kolmogorov-Smimov t e s t  (F ig. 2 .2 ) ,  w ith each 
15-min observation period being d ivided in to  15 one-min 
segments. The spo t-check  data  pooled from a l l  m o th e r - l i t te r  u n its  
of each species s im ila r ly  in d ica ted  th a t  meadow vole in fa n ts  re s te d  
more o f te i  alone and le s s  o ften  w ith th e i r  mother than d id  p r a i r ie  
vole in fa n ts  (o n e -ta ile d  P = 0.008, Sign t e s t ,  comparing th e  data 
fo r  each species  fo r  each th ree-d ay  period ; F ig. 2 .3 ) .  In conjunction 
with these r e s u l ts  i t  was noted th a t  p r a i r ie  vole bu t no t meadow vole 
young a tta c h  t i ^ t l y  to  the m other's  n ip p les ; to  leave the n e s t ,  the 
mother must u sually  pluck each in fa n t from the n ip p le .
A reg ress io n  a n a ly s is  on mean mother-young con tac t time fo r  
each th ree-day  period in d ica ted  a s ig n if ic a n t  l in e a r  dec line  w ith
22
Figure 2 .2 ; Time spen t by mothers in  co n tac t w ith  young.
•  M. o ch ro g aste r; o M. pennsy lvan icus. O rdinate 
• is time p e r 15 min mother was in  co n tac t w ith  a t  le a s t  one 
in fa n t.
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Figure 2 ._]. S ta te  o f young observed in  .spot checks.
•  M. o ch ro g aste r; o M. pennsylvanicus
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p o s t-n a ta l  age fo r  both species  ( fo r  p r a i r ie  vo les the  slope o f the  
reg ress io n  l in e ,  b, = -O .I6 ; c o rre la tio n  c o e f f ic ie n t ,  r ,  = -0 .8 2 , 
o n e - ta ile d  P < 0 .0 0 5 ! fo r  meadow vo les b = -O.l'+i r  = -0 .6 8 , P <  0 .05 ).
For both sp ec ies , the frequency o f  body nosing con tac ts  
by the young to  the mother increased  from day 8 to  the th ird  week of 
age from 0.0 to  between 0 .5  -  1.0 con tac ts  per young per 15 min. The 
mean frequency o f m other-to-young nosing con tac ts  had a 
s im ila r  ontogeny, but was always fewer than fo r  con tac ts  from 
young to  mother when three-day  means were considered from p o s t-n a ta l
day 10 to  21.
To ensure th a t  the  d if fe re n t  enclosures used in  th i s  study 
(Fig. 2 .1 ; Table  2 .1 ) d id  no t a f fe c t  the r e s u l t s ,  mother-young 
con tac t in  the two main types o f enclosure was compared fo r  days 
4-9 and 16-21 by the Kruskal-W allis an a ly s is  of variance. There 
was no s ig n if ic a n t  in fluence o f the enclosure type on mother-young 
con tact time in  e i th e r  species (four p r a i r ie  vole m o th e r- l i t te r  
u n its  in  each enclosure type; P = 0.90 fo r  d 4-9  and 0 .20-0.30 
fo r  d 16- 21; fo r  meadow vo les, u n its  3 and 6 were compared w ith u n its  
2, 4 and 7 (Table 2 .1 ) ; P = 0.10-0.20 fo r  d 4-9  and P = 0 .30-0 .50  
fo r  d l6 -2 l) .
F ifteen-m in observations were a lso  made once d a ily  on f iv e  
d if f e r e n t  mated p a irs  o f p r a i r ie  vo les, each w ith two d if f e r e n t  l i t t e r s ,  
and tw ice d a ily  on two d if f e r e n t  meadow vole p a irs  with one l i t t e r
each (Table 2 .1 ) .
P ra ir ie  vole p a irs  spent more time to g e th e r in  th e  n e s t
w ith a t  le a s t  one in fa n t (mean time per 15-min = 8 .3  min;
n = 205 15-min observation  periods between days 1-21; during only
27
20^  o f observations d id  the p a ir  spend no time to g e th e r w ith the 
young) than did  the meadow vole p a irs  (mean time = 2 ,5  min; n = 7& 
observations between days 1-20; during 51^  o f observations the  p a ir  
spent no time to g e th er with the young). N either species showed 
any change in  th i s  measure w ith p o s t-n a ta l age, and the spec ies  
d iffe ren ce  was c o n s is te n t, considered in  th ree-day  periods, throughout 
the th ree  weeks o f observation  (o n e -ta ile d  P = 0.008; Sign t e s t ) .
P ra ir ie  vole males usually  s a t  with th e  young while the 
mother was absen t from the n e s t. P a te rn a l s i t t i n g  time was alm ost 
equal in  d u ra tion  to ,  and h i ^ l y  co rre la ted  w ith, m aternal time o ff  
the  young during the  f i r s t  p o s t-n a ta l week (b, the reg ress io n  l in e  
slope, = 0.97; n = 19 15-min observations during which th e re  was some 
m aternal time o f f  the young; r =  0.87, P < fO .O l). However, the 
c o rre la tio n  decreased in  the second week (b = 0.44; n = 31; r  = 0.50»
P <T 0.01) and s t i l l  more in  the th i rd  week (b = 0.37; n = 37; r  = 0.32,
P = 0 . 05) . There was a l in e a r ,  but only s l i ^ t ,  dec lin e  with age in  
mother-young con tac t tim e, from a mean o f 12.23 min per 15-min 
on d 1-3 to  10.86 on d 19-21 (b = -0 .10 ; r  = -0 .7 6 , P< i O.Ol). A ll 
the mothers gave b i r th  again  when the young were th ree  weeks o f  age.
No s ig n if ic a n t  d iffe ren ce s  were found (by the KoImogorov-Smirnov
two-sample t e s t )  in  mother young co n tac t time between the  fa th e r-p re se n t
and fa th e r-a b se n t groups a t  any p o s t-n a ta l age.
P a te rn a l s i t t i n g  time fo r  meadow voles w ith the young in  the n e s t 
was sh o rte r  than m aternal time out o f the n e s t, and was c o rre la te d  
w ith the l a t t e r  measure during the f i r s t  p o s t-n a ta l week (b = 0.69; 
n = 19; r  = O.58, P ^ 0 .0 0 5 )  although no t during  the second week 
(b = 0 .2 ; n = 22; r  = 0.14, P 3 ^0 .1 0 ). There was a d ec lin e  w ith
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age in  mother-young con tac t tim e, from a mean o f 11.17 min per 
15-min on d 1-3 to  6.10 min on d 16-18 (b = -0 .28 ; r  = 0 .72, P <1.0.05). 
For the one fam ily u n it  observed during days 19-21, con tac t between 
mother and young ceased ab ru p tly  a f t e r  day 18; the mother made a 
new n est which she occupied a lone, and in  which she gave b i r th  to 
a new l i t t e r  on d 21. The sm all sample s iz e  precludes comparing 
the mother-young con tact-tim e fo r  the fa th e r-p re se n t and f a th e r -  
absen t u n its .  However, mother-young con tac t time was s im ila r  
fo r  both groups fo r  d 1-3 (X = 11.43 fo r  fa th e r-a b se n t, and 11.17 
fo r  fa th e r-p re se n t) ,  but th e re a f te r  the r a te  of decline  was 
g re a te r  fo r  the  fa th e r-p re se n t group.
In  th e  fa th e r-p re se n t meadow vole u n its  one mother was 
w ild- caught and the o th er captive -bom  (Table 2.3^), but th e re  was 
no s ig n if ic a n t  d iffe re n ce  between them in  the  amount of time they 
spent w ith the young (P -  0 .5 -0 .7  fo r  d 4-9; P -  0 .1 -0 .2  fo r  d 10-18 
by the  K ruskal-W allis a n a ly s is  o f  variance) o r in  the  amount o f 
time they spent to g e th e r w ith the mate and young (P = 0 .1 -0 .2  
fo r  d 4-9 and 0.95-98 fo r  d 10-18).
DISCUSSION
Thus the hypothesis , th a t  p r a i r ie  vole n e s tlin g s  experience 
more bodily  con tac t from th e i r  paren ts  than do meadow vole n e s tl in g s  
was supported. A species  d iffe ren ce  in  mother-young con tact time 
was evident in  is o la te d  m o th e r - l i t te r  u n its  where the mother was
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not pregnant during la cta tio n . Although a lin ear decline in  
mother-young contact with post-natal age was found for mother- 
l i t t e r  un its o f both sp ecies, the decline was s lig h t , and did 
not accelerate as the young became n u tr itio n a lly  independent 
during the third week o f age.
Since the mother and young could n est separately, 
continued mother-young contact through the third post-natal 
week may r e f le c t  the e s se n t ia lly  so c ia l nature of reproductively  
in active  or sexually immature voles of both sp ecies. Although 
p ra irie  and meadow voles may both be contact-prone, there i s  
a d ifference of degree; fo r  the pra irie  vole such so c ia lity  
i s  more expected within the extended fam ily group (B atzli e t  a l . ,  
1977; Getz e t  a l . ,  1981).
Hartung and Dewsbury (1979) have queried  the v a l id i ty  
o f comparative s tu d ie s  o f p a te rn a l behaviour o f sm all roden ts 
in  c a p tiv ity , s ince  they noted considerable  father-young con tac t 
in  s ix  rodent species stud ied  in  lab o ra to ry  cages, and they 
were unable to  d is tin g u ish  con tac t time between fa th e r  and young 
from th a t  between mother and young in  most spec ies, reg a rd le ss  
of presumed s o c ia l  o rg an isa tio n . Since the male meadow vole 
probably does no t n e s t wib the female and young in  n a tu re , Hartung 
and Dewsbury doubt the v a l id i ty  o f such cap tive  observations. 
However, although both Hartung and Dewsbury and I  found th a t  
a d u lt  male meadow and p r a i r ie  voles a re  to le ra n t  of n e s tlin g s  
when confined w ith them, we a lso  found th a t  p r a i r ie  vole males 
spend more time w ith the young than do meadow vole males.
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A dd itionally  I  found th a t  p r a i r ie  vole males spend more time than do 
meadow vole males in  the n e s t  while the mother i s  w ith  the young, and 
a lso  spend a g re a te r  proportion  o f the mother’s absentee time with 
the young. P ra ir ie  vole fa th e rs  have been observed tak ing  young from 
the  mother and sq u a ttin g  over them; such enthusiasm fo r  n e s tlin g s  
was no t observed in  meadow vole males. Thus, there  i s  a d e tec tab le  
d iffe ren ce  between the spec ies  in  father-young and mother-young 
con tac t in  cap tive  co nd itions, and th e  magnitude o f th is  d iffe ren ce  
may be a l l  th a t  i s  necessary  fo r  a major species d iffe ren ce  in  so c ia l 
s tru c tu re  to  be perpetuated  in  n a tu ra l  cond itions, i . e .  pair-bonding 
and a cohesive extended fam ily group in  p r a i r ie  voles versus 
independent n e s ts  and home ranges o f mated meadow voles (Getz e t  
a l . ,  1981; Madison, 1978; 1980). I f  cap tive  meadow vole paren ts  
spend a lim ited  time to g e th er in  the  n e s t,  i t  does no t mean th a t  
such n e s t sharing  n ec e ssa r ily  occurs in  the f ie ld :  these cap tive  
observations may only r e f l e c t  the m ale 's  s o c ia l to le ran ce  o f co n sp ec ific s , 
the r e la t iv e ly  confined conditions o f the  enclosure , and the  absence 
o f o th er c la sse s  o f conspecific  w ith which the male m i^ t  o therw ise 
make con tact (Getz, 1972). My r e s u l t s  a lso  do no t n ec e ssa rily  
suggest fo r  e i th e r  spec ies  th a t  the f a th e r 's  presence c o n trib u te s  
to  the  growth and su rv iv a l o f the young a s  in  Peromyscus c a lifo rn ic u s  
(Dudley, 197^), although some in fluence of the fa th e r  on the 
development of s o c ia l  responsiveness and perhaps l a t e r  sexual 
p references of the young might be p red ic ted  in  view of the 
con tinual non-aggressive con tac t observed between fa th e r  and young, 
and hence con tinual exposure of the young to the odours o f the 
breeding male. Such an in fluence  would probably be g re a te r ,  .in 
terms o f n e s tlin g  exposure to  the male, in  p r a i r ie  vo les than in  
meadow voles.
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Comparison o f the r e s u l t s  o f th is  study on mother-young 
con tac t in  meadow voles w ith those obtained from the f i e ld  by 
Madison (1981) may help  to  a sse ss  the v a l id i ty  o f th i s  and o th e r 
cap tive  s tu d ie s . M adison's data  in d ic a te  th a t  mothers spend about 
6?% o f "total time with th e i r  young on day two, compared with 
about 75^ of time on days 1-3 in  my study (in  both fa th e r-p re se n t 
and fa th e r-a b se n t groups). In M adison's study the  time had decreased 
to  50^ by day 12. In  the two fa th e r-p re se n t u n its  o f the p resen t 
study the time had decreased "bo 4"^ by days 7-9» but in  the 
fa th e r-a b se n t group i t  decreased only to  7!^ by days 7-9 and 
thereaf"ter to  52^. This comparison suggests th a t  mother-young con tac t 
"time in  cap tive  meadow voles may be s l ig h t ly  enhanced in  the 
neonatal period , bu t i s  otherw ise roughly comparable to  the 
f i e ld  s i tu a t io n . As expected, th e  fa th e r-p re se n t unites (in  
which post-partum  matings occurred) resembled the f i e ld  condition  
in  terms o f the  post-partum  d ec lin e  in  mother-young con tac t more 
c lo se ly  than d id  the fa th e r-a b se n t u n its .  This d is t in c t io n  i s  
not re le v a n t f o r  p r a i r ie  vo les ( fo r  ih ic h  th e re  a re  no f ie ld  da ta  
on mother-young con tac t) s ince th e re  was no d iffe re n c e  in  
mother-young con tac t between the  fa th e r-p re se n t and fa th e r-a b se n t 
groups.
To conclude, the r e s u l t s  o f  th i s  cap tive  study on 
parent-young co n tac t time in  p r a i r ie  sind meadow vo les a re  
c o n s is ten t with p re d ic tio n s  made from f ie ld  and o th e r lab o ra to ry  
s tu d ie s , and should be encouraging to  fu r th e r  comparative s tu d ie s  o f 
p a re n ta l behaviour o f sm all roden ts in  c a p tiv ity .
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CHAPTER 3
THE DEVELOPMENT OF SOCIAL BEHAVIOUR BETWEEN SIBLINGS AND 
NON-SIBLINGS OF THE VOLES MICROTUS OCHROGASTER AND 
MICROTUS PENNSYLVANICUS.
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FRONTESPIECE
Two M. ochrogaster in  the  dyadic encounter enclosure
One h a lf  o f the enclosure i s  shown in  the foreground. The 
two voles a re  24-day old s ib lin g s , One i s  running away from 
the o th e r a f t e r  a Mode I I  in te ra c tio n ; the vole on the r ig h t  
i s  d isp lay in g  the re laxed  open mouth, ty p ic a l o f  Mode I I  
in te ra c t io n s .
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ABSTRACT
I t  has been suggested th a t the amount of contact-prom oting 
behaviour between young voles during the  ju v en ile  period may in flu en ce  
the sp ec ie s ' s o c ia l  s tru c tu re . Two M icrotus species w ith 
c o n tra s tin g  s o c ia l  systems, M. ochrogaster and M. pennsylvanicus, 
were chosen fo r  a comparative study o f ju v en ile  so c ia l behaviour.
Young were observed in  s ib l in g  and n o n -s ib lin g  dyadic encounters 
from the second u n t i l  the seventh week o f age. S ocial in te ra c tio n s  
consis ted  mainly o f body nosing of the p a rtn e r, and included 
behaviours in te rp re te d  as  in v e s tig a tio n , s o c ia lis a t io n  and 
s e t t l in g .  Only minor sex d iffe ren ces  in  body nosing scores 
occurred, but some ontogenetic  trends were noted. When the  spec ies  
were compared, M. ochrogaster received  h igher scores fo r  body 
nosing and s i t t i n g  in  co n tac t, and d isp layed  more re c ip ro c ity  
in  th e i r  nosing, than d id  M. pennsylvanicus, whether s ib lin g s  
o r n o n -sib lin g s  were considered. When the  s ib l in g  types were 
compared, n o n -s ib lin g  dyads received  h igher nosing scores than 
d id  s ib lin g s  in  both spec ies, bu t the d is p a r i ty  was g re a te r  in  
M. ochrogaster then in  M. pennsylvanicus. These r e s u l t s  a re  
in te rp re te d  with re fe ren ce  to known behavioural and developmental 
c o r re la te s  o f the extended fam ily  system in  n a tu ra lly  occurring  
M. ochrogaster and the  le s s  communal s o c ia l  system in  
M. pennsylvanicus.
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INTRODUCTION
Ihe aim o f th i s  chapter i s  to  describe  the n a tu ra l 
s o c ia l behaviour o f ju v en ile  p r a i r ie  voles (M. och ro g aster) and 
meadow voles (M. pennsylvanicus) in  dyadic encounters between young o f the 
same age, to  qu an tify  spec ies  d iffe ren ce s  in  the performance o f 
various components o f th e  ju v en ile  so c ia l behaviour r e p e r to ir e ,  
and to  ch art the  ontogeny o f these components.
“Juvenile vo les  make contact with each other by huddling 
together during periods o f in a c tiv ity , and by approaching and 
gently nosing one another's bodies during a c t iv ity  periods. I  
have b r ie f ly  described the body nosing behaviour in  an ea r lier  
paper on another Microtus sp ecies, M. a g restis  (Wilson, 1973): 
juven iles in  s ib lin g  groups repeatedly nosed one another gently  
in  the snout, neck and rump regions during a c t iv ity  periods.
Huddling to g e th e r and repeated  body nosing exchanges appear to  
dominate the s o c ia l l i f e  o f  young vo les w ith o th e r fam ily  members, 
and a re  probably, th e re fo re , in f lu e n t ia l  in  th e  c re a tio n  and 
maintenance o f so c ia l s tru c tu re . By quan tify in g  th i s  behaviour 
during  ju v en ile  development in  p r a i r ie  and meadow v o les , I  hoped 
to c o rre la te  the d iffe re n c es  in  ju v en ile  so c ia l behaviour in  th ese  
two c lo se ly  r e la te d  spec ies  w ith d iffe re n c es  in  the sp ec ie s ' 
s o c ia l  systems.
Previously  published l i t e r a tu r e  (summarised in  the  In tro d u c tio n  
to  Chapter 2) suggests th a t  a d u lt  p r a i r ie  vo les a re  more co n tac t- 
prone than meadow v o les , th a t  p r a i r ie  vo les show a strong  
tendency towards pair-bonding , whereas meadow vole males a re  no t 
thought to share a n e s t w ith th e i r  mates. In a d d itio n  p r a i r ie  vo les
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tend to  l iv e  in  extended fam ily groups includ ing  rep ro d u c tiv e ly  
in a c tiv e  grown young, whereas the meadow vole m o th e r - l i t te r  u n it  
i s  believed  to  l a s t  only u n t i l  weaning. In  Chapter 2 ,1 p resen ted  
some data  in d ic a tin g  a g re a te r  amount o f con tact between 
n e s tlin g s  and both th e i r  p aren ts  in  the p r a i r ie  vole than in  the 
meadow vole.
I t  i s  usual fo r  both p r a ir ie  and meadow vole young to  have 
two o r more s ib lin g s . L i t t e r  s iz e  averaged more than fou r young 
fo r  both species  during my study, and a lso  in  the p r a i r ie  vole study 
o f Kruckenberg e t  a l .  (1973). At 9-10 days o f age, the young o f 
both spec ies  emerge from the n e s t f o r  the f i r s t  time (Pepin and 
Baron, 1978; see a lso  Chapter 2 ) . Meadow vole young in  the f i e ld  
a re  thought to  d isp e rse  from th e i r  n a ta l  s i t e  g radually  during 
the f i r s t  10 days a f t e r  weaning, which occurs by the beginning o f 
the  th ird  week o f age (Getz, 1972). At t h i s  time the  mother 
withdraws to  a new n e s t  s i t e  (Madison, 1978). Thus meadow vole 
s ib lin g s  may remain in  the  company of each o th er fo r  about two 
weeks a f t e r  they f i r s t  emerge from the  n e s t. During th i s  two-week 
period , however, they may a lso  encounter neighbouring co n sp ec ific s , 
probably w ithout aggression (Getz, 1972). I n t r a l i t t e r  s o c ia l  
bonds th e re fo re  probably become com plicated, from about two weeks of 
age, by so c ia l t i e s  which may develop between young and u n re la ted  
n e i^ b o u rs .
P ra ir ie  vole young in  n a tu ra l populations probably have a 
longer opportunity  than meadow vole young to  enjoy r e la t io n s  w ith 
p aren ts  and s ib lin g s  uncomplicated by s o c ia l t i e s  developing w ith 
u n re la ted  n e i^ b o u rs . P ra ir ie  vole young a re  no t thought to
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disperse upon weaning, but to remain with the parents a t le a s t  
through birth  and weaning o f the next l i t t e r .  An extended family 
liv in g  in  a w ell-defined  home range may develop (F itch , 1957; 
B atzli e t  a l . ,  1977; Thomas and Birney, 1979). Thus young 
p ra irie  voles may be expected to in teract almost exclu sively  
with parents and s ib lin g s  for a t  le a s t  four to f iv e  weeks 
a fte r  th e ir  f i r s t  emergence from the n est.
The p r a i r i e  vole s i tu a t io n ,  th e re fo re , i s  one in  which 
the degree o f f a m il ia r i ty  between ju v en ile s  i s  c lose to  th e i r  
degree o f re la te d n e ss  (Bekoff, 1981). From the foregoing 
d iscu ssio n , i t  i s  ev iden t th a t  the degree o f f a m il ia r i ty  between 
meadow vole young may no t n e c e ssa r ily  r e f l e c t  th e i r  re la te d n e ss  
a f t e r  about th re e  weeks o f age. Since the  p r a i r ie  vole s i tu a t io n , 
in  c o n tra s t to  th a t  o f  the meadow vole, appears to provide h igh ly  
favourable conditions fo r promoting s ib lin g  in te ra c t io n s ,  I  
p red ic ted  th a t  ju v en ile  p r a i r ie  vole s ib lin g s  would engage in  
more huddling and body nosing con tac ts  than would th e i r  meadow 
vole co u n terp arts  during dyadic encounters. I  a lso  p red ic ted  th a t  
p r a i r ie  vole young would d i f f e r e n t ia te  c le a r ly  in  th e i r  s o c ia l  
behaviour between s ib lin g s  and n o n -s ib lin g s  when compared w ith 
meadow vole young. This study t e s t s  these  p re d ic tio n s . Within 
the framework o f  the  above d iscu ssio n , the  sex and age o f young 
vo les has no t been a t t r ib u te d  any im portance. However, the 
p o s s ib i l i ty  th a t  these  fa c to rs  may in flu en ce  ju v en ile  so c ia l 
behaviour has been in v e s tig a te d .
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ANIMALS AND METHODS
Source o f anim ais and, colony maintenance
P ra ir ie  vo les of the th ird  o r  fo u rth  generation  in  c a p tiv ity  
were obtained from Dr M. Gaines, the  o r ig in a l  breeding stock  
having been captured in  the  v ic in i ty  o f Lawrence, Kansas. T h irty  
l i t t e r s  bred from an o r ig in a l  seven vo les and th e i r  o ffsp rin g  
were used fo r  dyadic encounters.
Meadow voles were trapped near C h a r lo tte sv ille  in  V irg in ia , 
Great F a lls  in  northern  V irg in ia , and Mount D esert Is lan d  in  Maine. 
Most of the young used in  th i s  study were from 18 cap tive-born  
l i t t e r s  o f f i r s t  o r  second generation  o f  o ffsp rin g  o f liv e -tra p p ed  
vo les . However, s ince  more anim als were needed, an a d d itio n a l 
42 young were liv e -tra p p ed  from the above lo c a tio n s . Nine o f these  
young may have been s ib lin g s  ( judging from the lo ca tio n  and 
time o f cap ture, and s im ila r i ty  in  s iz e  and s ta te  o f m oult); they 
were th e re fo re  housed with one ano ther and tre a te d  a s  s ib lin g s .
The age o f liv e -trap p e d  young a t  capture was estim ated  from th e i r  
s iz e  and s ta te  o f moult in  comparison w ith  cap tive-bom  young.
30^  o f the  to t a l  meadow-vole n o n -sib lin g  encounters used two 
w ild-caught young, and a fu r th e r  20,8^ used one w ild-caught and 
one lab -rea red  young. Only 5*5% o f  meadow vole s ib lin g  encounters 
used w ild-caught young.
Voles were m aintained in  s ib lin g  groups a f t e r  weaning, 
in  holding cages ranging in  s iz e  from standard  lab o ra to ry  r a t  
cages to  wooden o r  m etal cages measuring 100 x 60 x 50 cm. The 
la rg e r  cages were used p re fe re n t ia l ly .  The su b s tra te  was wood
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shavings, pine mulch o r pea t moss; hay, g rass  and su rg ic a l co tton  
were l ib e r a l ly  supplied . The cages were kept in  a basement room 
which was dimly illu m in a ted  n a tu ra lly  in  the  daytime and by 
e le c t r i c  l ig h t  in  the  evening. The room was u su a lly  in  darkness 
f o r  f iv e  to  seven hours a t  n ig h t, and was m aintained between 
50 and 70 F, according to  the season and time o f day. Dry food 
(a m ixture o f seeds, g ra in s , n u ts  and ra b b it  chow) was fed  d a ily  
and supplemented d a ily  w ith fre sh  f r u i t  and vegetab les, and a lso  
meadow g rass  when a v a ila b le . Water was always a v a ila b le . Twigs 
and wooden blocks were given fo r  gnawing.
Dyadic encounter enclosure
The encounter enclosure was rec tan g u la r in  shape, measured 
53*5 X 35*5 cm, and consis ted  o f an o u te r  tran sp a ren t tunnel (5*5 cm 
width and h e ig h t) with a tunnel connecting a t  r ig h t  ang les from 
each side  to  an open c e n tra l area  (F ig. 3 .1 ) . The f lo o r  
was a shee t o f p la s t ic  to which th e  upper p a r t ,  moulded in to  the 
tunnel w alls and ro o f, clipped  on ( th is  u n it  i s  marketed 
commercially in  the  U.S. a s  th e  Hartz 'ham stèr and g e rb il  c a s t l e ') .  
Wood shavings and a  l i t t l e  nu t and seed mix were s c a tte re d  over 
the f lo o r  o f the c e n tra l a rea , and a w ater b o tt le  hung th r o u ^  
the ro o f. Voles were in troduced in to  the enclosure th r o u ^  e i th e r  
o f  two removable doors in  th e  ro o f.
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Figure 3 .1 , The dyadic encounter enclosure. S = wood shavings, 
W = w ater b o t t le ,  D = removeable doors.
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Design of observations
The s o c ia l behaviour o f  ju v en ile  dyads in  the encounter 
enclosure was observed in  weekly s tag es  from the second to the 
seventh week o f age. Encounters were c a rr ie d  out in  the  same room 
as  the  holding cages a t  a r b i t r a r i l y  chosen tim es during  the l ig h t  
phase o f the d a ily  cycle .
Each encounter was c lassed  in to  one o f  s ix  weekly in te rv a ls .  
For each age c la s s , encounters were fu r th e r  d iv ided  in to  s ib lin g  
and n o n -s ib lin g  dyads, although n o n -s ib lin g  encounters d id  no t
commence u n t i l  the th ird  week of age. Each s ib lin g  type was fu r th e r  
div ided  in to  d$ and 99 c la sse s . Ten encounters involving 
20 d if f e re n t  in d iv id u a ls  were achieved fo r  alm ost a l l  sp e c ie s / 
s ib lin g /a g e /se x  c la sse s ; exceptions were meadow vole n o n -s ib lin g  
99 a t  th ree  and fo u r weeks of age (only s ix  and seven re sp e c tiv e ly )  
and s ib lin g  99 a t  seven weeks o f age (on3y n in e ) . Since n o n -s ib lin g s  
o f the same age were n o t always a v a ila b le , a  week's d iffe ren ce  in  
age fo r  a dyad was perm itted ; such an encounter was c lassed  w ith 
the  age o f  the  e ld e r  anim al. L itte rm ates  were d is tin g u ish ed  by 
fu r  c lip p in g .
Procedure fo r  record ing  encounters
Behaviour was normally recorded fo r  15 minutes s ta r t in g  
w ith the entry  in to  the enclosure o f th e  second vo le . This i s  
f iv e  and ten  minutes longer than the record ing  tim es used by 
Krebs (1970) and Getz (1962) re sp e c tiv e ly . The 15-min period  was 
considered necessary  fo r  most dyads to  complete th e i r  i n i t i a l
1)4
in te n s iv e  in v e s tig a tio n  o f one ano ther and begin 's e t t l i n g ' 
behaviours, such a s  huddling and s o c ia l  grooming.
I f  the vo les in te ra c te d  w ith in  the  f i r s t  f iv e  minutes 
a f t e r  en try , th e  normal procedure o f record ing  behaviour fo r  15 
minutes was follow ed. However, sev e ra l meadow vole dyads d isp layed  
long in te ra c tio n  la te n c ie s  during which they o ften  s a t  q u ite  
immobile or moved h e s ita n t ly  and je r k i ly .  When these anim als 
were d is tu rb ed  by me a t  the  end o f the  encounter, they o ften  
a c c id e n ta lly  contacted each o th e r and then proceeded to  engage in  
mutual body nosing w ithout h e s ita t io n . I t  seemed, th e re fo re , 
th a t  a t  l e a s t  some o f these  long meadow vole in te ra c tio n  la te n c ie s  
were an a r t i f a c t  o f  the  encounter procedure. In  an attem pt to  
overcome th i s  problem, the  follow ing procedure was adopted w ith 
dyads d isp lay ing  long in te ra c tio n  la te n c ie s . I f  in te ra c tio n  was 
in i t i a t e d  during the f i r s t  30 m inutes, 15 minutes were recorded 
s ta r t in g  from the f i r s t  whole minute a f t e r  en try  in  which they 
f i r s t  in te ra c te d . The a c tu a l in te ra c tio n  la te n c ie s  were analysed 
sep a ra te ly  from s o c ia l behaviours recorded during the  15-min period . 
However, i f  the  voles d id  no t in te r a c t  w ith in  30 m inutes, the  t r i a l  
was d iscarded  from a l l  an a ly ses.
A n a r ra tiv e  o f the behaviour of both anim als was w ritten  
a s  observed, using a behaviour code. A time check throughout the 
encounter was kep t, u sing  a s top  watch. The behavioural record  fo r  
each encounter was l a t e r  tra n s fe rre d  to  a check sheet in  which the  
encounter was d iv ided  in to  15 1-min in te rv a ls ,  and the behavioural 
record  fo r  each member of the dyad was separa ted . These 1-min 
d iv is io n s  f a c i l i t a t e d  one-zero scoring  fo r  continuous behaviours
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( s i t t i n g  in  co n tac t, autogrooming and ea tin g ; see sec tio n  on behaviour 
measurement fo r  explanation  o f one-zero sco rin g ), and provided the time 
frame fo r  an an a ly s is  o f behavioural trends from the s t a r t  to  end 
o f encounters.
A fte r each encounter the  vo les were removed by unclipping  
the upper p a r t  o f the enclosure from the f lo o r .  Faecal p e l le ts  
were removed and u rine  marks were cleaned with a sponge. However, 
the woodshavings and s c a tte re d  dry food in  the enclosure were 
no t changed between encounters o f the  same sp ec ies , in  order to  
c rea te  a background ambience o f 'v o le '.
S ocia l behaviour recorded
S ocia l behaviour observed consis ted  mainly of the vo les 
nosing one a n o th e r 's  bodies in  a g en tle  and unhurried  manner, and 
engaging in  mutual body con tac t involv ing  much o f the body su rface .
This behaviour w il l  be re fe r re d  to  as  'am icab le ' s o c ia l co n tac t. 
Behaviour was considered 'd e fe n s iv e ' when a vole responded to  
a n o th e r 's  approach by boxing with the  forepaws in  a je rky  manner, 
squeaking audib ly , o r  lunging. Chase, a t ta c k  and sexual behaviours 
were n o t observed.
Amicable s o c ia l con tac t included the fo llow ing components;
Body nosing One an im al's  nose touches the o th e r 's  body while 
s i t t i n g  to g e th e r, moving around one ano ther, approaching, fo llow ing , 
o r  passing one ano ther. Nosing con tac ts  were d ire c te d  a t  the  snout, 
neck, rump and an o g en ita l reg ions. Body nosing sometimes occurred 
in  the  p a r t ia l  o r  complete m u tu a l-u p r i^ t o r supine-quadrupedal 
p o s itio n s  (F ig, 3 .2 ) .
Allogrooming One vole n ib b les  the fu r  o r skin o f the  o th e r.
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Figure 3 .2
Examples o f Mode I  body nosing between ju v en ile  Microtus
a P o sitio n s  fo r  no se-to -sn o u t con tact 
b P o sitio n s  fo r  neck nosing 
c . P o sitio n s  fo r  an o g en ita l and rump nosing
A ll sketches a re  from photographs, mainly o f M. ochrogaster
4?
i
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Figure 3 .2  contd.
Examples o f Mode I I  body nosing between ju v en ile  M icrotus
P o sitio n s  fo r  nose-to -snou t con tac t. In the second, th ird  
and fo u rth  sketches from the top , the  vo les a re  p a r t ia l ly  
o r f u l ly  in  the  m utual-upright p o s itio n . In the bottom sketch 
the  vole on the r ig h t  has ju s t  tumbled backwards a f t e r  con tact 
with the vole in  the  cen tre .
P o sitio n s  fo r  nose-to -neck  and nose-to-rum p con tac t. In the 
top r ig h t  sketch the voles a re  in  p o s itio n  fo r  re c ip ro c a l 
neck nosing w ith head rocking. In the th ird  and fo u rth  
sketches the voles a re  p a r t ia l ly  in  the supine-quadrupedal 
p o s itio n .
A ll sketches a re  from photographs of M. ochrogaster
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R ota tional movement A vole rocks i t s  head while nosing the  o th e r ’s 
body, o r breaks nose-to-body con tac t w ith a head shake.
S i t t in g  in  con tac t The voles s i t  s id e  by s id e , in  p h y sica l 
co n tac t. A lte rn a tiv e ly , one may huddle over the  o th e r 's  back.
Two d i s t in c t  modes o f body nosing were observed. The most 
common (Mode l )  involved u n i la te r a l  o r mutual body nosing in  bouts 
o f one, a few, o r many nosing con tac ts . In  the le s s  common mode 
(Mode I I ) , body nosing was accompanied by ro ta t io n a l  head movement 
o r extrem ely rap id  manoeuvering by the anim als as  they changed body 
nosing p o s itio n s . O ther behavioural c h a ra c te r is t ic s  sometimes 
accompanied Mode I I  body nosing: rap id  r e p e t i t io n  o f body nosing, 
p a r t ia l  or complete adoption of the m utual-upright or supine- 
quadrupedal p o s itio n s  with the  mouth held  s l ig h t ly  open, and 
r e t r ie v a l  o f a dep artin g  p a rtn e r  by g en tle  g ripp ing  of the  loose 
skin o f the rump or neck. A nogenital nosing did  no t occur. Mode I I  
behaviour probably corresponds to  th a t  which has been ca lled  
'p la y ' by myself and o th e r in v e s tig a to rs  (Wilson, 1973; Wilson 
and Kleiman, 1974; Fagen, 1981). A Mode I I  in te ra c tio n  i s  defined  
in  th is  paper as  an in te ra c t io n , from the  v o le s ' approach u n t i l  
th e i r  sep a ra tio n , which involves some Mode I I  behaviour.
Behaviour measurement
Measurement o f body nosing con tac ts  was based on the  f a c t  
th a t  most body nosing con tac ts  were in stan tan eo u s. Each con tac t 
normally received  a ' body nosing sco re ' o f one, c lassed  w ith the  
nosing animal and the  body ta rg e t  nosed. However, the score was 
ad ju sted  fo r  nosing con tac ts  which were measureably longer than
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an in s ta n t  ( i . e .  ca. 2 sec and lo n g er), includ ing  a l l  in stan ces  
o f allogroom ing: these  received  a body nosing score o f two ( a rb i tra ry  
w eightings). N ose-to-snout con tacts  were no t scored fo r  each in d iv id u a l, 
but only fo r  the  dyad jo in t ly .
Allogrooming, Mode I I  behaviour, and defensive behaviour 
were a lso  measured in  terms o f a 'behav iour a c t  s c o re '.  Each 
performance o f such a motor p a tte rn  by each anim al received  a 
score of one a c t .  However, defensive squeaking, boxing and 
lunging could occur sim ultaneously in  one in d iv id u a l, and only 
one a c t  would then be scored. S im ila rly , sim ultaneous Mode I I  
a c ts  by one anim al received  only a c o lle c tiv e  score o f one a c t .
Since Mode I I  behaviour tended to  be ep iso d ic , th e  d is tr ib u tio n  of 
th i s  behaviour according to  sp e c ie s /s ib lin g /a g e /se x  c la sse s  
i s  described  in  terms of Mode I I  in te ra c tio n s  (see above d e f in it io n )  
ra iJie r than o f Mode I I  behaviour a c ts .
Continuous behaviours, i . e .  s i t t i n g  in  co n tac t, autogrooming 
and e a tin g , were scored according to  whether or no t they occurred 
during each o f 15 1-min in te rv a ls  (the  'one-zero* method; Altmann,
1974) . For s i t t i n g  in  con tact by the  dyad, the maximum score per 
encounter was 15. Since both members o f th e  dyad could autogroom 
and e a t independently o f each o th e r , the  maximum score per encounter 
fo r  each o f these behaviours was 30.
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RESULTS
Behaviour from s t a r t  to  end o f encounters
The tren d s in  behaviour scores from th e  s t a r t  to  end o f 
encounters were assessed  by a reg ressio n  a n a ly s is  on the  mean 
scores fo r  d if f e re n t  behaviours in  each successive 3-min period 
o f the encounter fo r  a l l  encounters in  each s p e c ie s /s ib lin g  c la s s .
Snout, neck and rump nosing occurred maximally a t  the s t a r t  
o f encounters and p ro g ressiv e ly  declined  by the  end. The c o rre la tio n  
c o e ff ic ie n ts  ( r )  with time ranged from -0 .77  to  - 0.92 ( l - t a i l e d  P < 0 .0 5 ) 
fo r  each s p e c ie s /s ib lin g  c la s s . A nogenital nosing by p r a i r ie  vole 
n o n -sib lin g s  a lso  showed a progressive d ec lin e  from s t a r t  to  end 
( r  = -0 .9 1 , P < 0 .0 l ) ,  bu t in s u f f ic ie n t  an o g en ita l nosing occurred with 
the o th e r s p e c ie s /s ib lin g  c la sses  fo r  any tren d  to  be d e tec ted . 
Autogrooming declined  during the encounter, a s  did defensive a c ts  
by n o n -sib lin g s  o f both species ( r  ranged from -0 .75  to  -0 .99 ;
P < 0 . 05); s ib lin g s  o f both species engaged in  v i r tu a l ly  no defensive 
behaviour. These behaviours (body nosing, autogrooming and defensive 
manoeuvres) were tem porally  a sso c ia ted  w ith so c ia l in v e s tig a tio n .
S i t t in g  in  co n tac t, e a tin g  and allogroom ing a l l  tended 
to  in crease  th ro u ^ o u t  the encounter ( r  ranged from 0.73 to  0 .94 ,
P < .0.05  fo r  p r a i r ie  voles only; meadow voles d id  i n s u f f i c i e i t  
auto grooming fo r  a  tren d  to be d e tec ted ), I  in te rp re te d  th ese  behaviours 
as  being a sso c ia ted  w ith s e t t l in g ,  i . e .  in c reasin g  s ta b i l i t y  of 
the dyadic re la t io n s h ip . Mode I I  a c ts  showed some tendency to  
in crease  from s t a r t  to  end of encounters, bu t r  was only s ig n if ic a n t  
a t  the  5^ le v e l fo r  meadow vole s ib lin g s  and p r a i r ie  vole n o n -s ib lin g s .
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The ontogeny of s o c ia l  behaviour
Mean scores fo r  body nosing, allogroom ing and s i t t i n g  in  
con tac t a re  presented  in  F ig . 3 .^  fo r  each sp e c ie s /s ib lin g /a g e  
c la s s . Ontogenetic tren d s  in  these  scores were te s te d  fo r  
s ig n if ic an c e  using  a tren d  a n a ly s is  (Ferguson, I 966), The sex 
c la sse s  were no t graphed sep a ra te ly  except where a  s ig n if ic a n t  
on togenetic  tren d  was found fo r  a p a r t ic u la r  sex c la s s  (F ig. 3*3
Scores fo r  n o se-to -snou t con tac t remained constan t w ith
«
age in  both sp ec ies . Nose-to-neck con tac t scores between n o n -s ib lin g s  
decreased with age in  both species; the  decrease was most marked 
fo r  p r a i r ie  vole n o n -s ib lin g  males in  the s ix th  and seventh 
weeks. Between s ib lin g s , nose-to-neck  con tac t increased  w ith age 
in  p r a i r ie  vo les and remained constan t in  meadow vo les. N ose-to- 
rump con tact decreased w ith age between n o n -s ib lin g  p ra i r ie  vo les; 
the decrease was e sp e c ia lly  marked fo r  dd and 99 dyads. Rump 
nosing scores did no t change with age in  the  o th e r s p e c ie s /s ib lin g  
c la s se s . A nogenital nosing increased  with age in  both s ib lin g  
c la sse s  o f both spec ies; the in crease  was most marked fo r p r a i r ie  
vole n o n -sib lin g  d9 dyads. Allogrooming between s ib lin g s  in creased  
w ith age in  both sp ec ies; w ith n o n -s ib lin g  meadow voles i t  decreased 
with age. Scores fo r  s i t t i n g  in  con tac t decreased with age in  
p r a i r ie  v o les, but n o t in  meadow voles; however, w ith s ib lin g s
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Fig . 3«2* O ntogenetic trends in  behaviour sco res.
dd . . . . . . ;  49 99 -  -  -  • combined
sex c l a s s e s  — ; I t  = l in e a r  term;
C^ ss cp a d ra tic  term; c = cubic term; 
q r  = c ju artic  term.
P values a re  given to  th ree  decim al p laces .
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o f both spec ies  th e re  was a marked decrease in  s i t t i n g  in  co n tac t 
in  tiie fo u rth  week of age, followed by a fu r th e r  increase  in  th i s  measure, 
Mode I I  in te ra c tio n s  and defensive behaviour were om itted from 
the tren d  a n a ly s is  because of th e i r  e r r a t i c  occurrence; in s te a d  the  
data  on these behaviours i s  presented in  Tables 3 .1  and J ,2  
re sp e c tiv e ly . Since an ap p ro p ria te  s t a t i s t i c a l  a n a ly s is  was n o t found 
fo r  these d a ta , only some observations on the gross appearance o f the 
d a ta  a re  p resented  here , and l a t e r  in  the  te x t .  I t  i s  ev iden t from 
Table 3 .1  th a t  the mean frequency o f Mode I I  in te ra c tio n s  was h ig h est 
during the fo u rth  week o f age; th i s  was tru e  of a l l  s p e c ie s /s ib l in g /  
sex c la sse s  w ith the  exception o f meadow vole d9 s ib lin g  and n o n -sib lin g  
dyads, which peaked during the f i f t h  and th ird  week re sp e c tiv e ly .
For both sp ec ies  th is  peak around the fo u rth  week o f age in  Mode I I  
in te ra c tio n s  coincided with the decrease in  scores fo r  s i t t i n g  in  
con tac t by s ib lin g  dyads in  th e  fo u rth  week o f age. Defensive behaviour 
was no t observed a t  a l l  between s ib lin g s ; between n o n -s ib lin g s  i t  d id  
n o t occur u n t i l  the s ix th  week o f age.
D ifferences between the  sex c la sse s
The s ig n if ic a n ce  of d iffe ren ce s  between the  sex c la sse s  
a t  each week o f age in  scores fo r  nosing  o f the fo u r d i f f e r e n t  body 
reg io n s, allogroom ing, and s i t t in g  in  con tact were assessed  using  th e  
t  t e s t .  For meadow v o les , no d iffe re n c e s  between the  sex c la sse s  were 
found. For p ra ir ie  v o les, n o n -s ib lin g  44 dyads in  the s ix th  and seventh 
weeks of age had lower neck nosing sco res than e i th e r  49 dyads (2 - ta i le d  
P = 0,020, 6 th  week; P <  0.001, seventh week) o r 99 dyads (P = O.036, 
s ix th  week; P = 0.004, sèventh week).
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Table 3 .1 , The mean frequency o f Mode I I  in te ra c tio n s  per encounter 
in  each sp e c ie s /s ib lin g /se x /a g e  c la s s .
M. ochrogaster
s ib lin g n o n -sib lin g
week
week
44 49 99 T otal 44 49 99 T otal
2 0.0 0 .3 0.1 0 .4
3 0.2 0 .4 0 .4 1.0 0.2 1.5 1 .4 3.1
4 1.9 1.5 0 .8 4 .2 1 .3 1.2 1.8 4 .3
5 0.2 0 .4 0.1 0 .7 0.6 0 .9 0.2 1.7
6 1.3 0.5 0 .3 2 .1 0.2 0.0 0 .3 0.5
7 0.4 0.8 0.0 1.2 0.0 0.0 0 .3 0 .3
) ta l 4 .0 3 .9 1.7 9.6 2 .3 3.6 4 .0 9 .9
insylvanicus
s ib lin g non--s ib lin g
44 49 99 T otal 44 49 99 T ota l
2 0 .3 0.5 0 .3 1.1
3 0 .7 0.1 0 .1 0 .9 0 .1 0 .1 0 .0 0.2
4 1.7 0.8 0.4 2 .9 1.1 0.0 0.0 1.1
5 1.4 0 .4 0.0 1.8 0.0 0.5 0.0 0.5
6 0.2 0.1 0.0 0 .3 0.0 0.0 0 .0 0 .0
7 0.1 0.1 0.1 0 .3 0.0 0.0 0 .0 0 .0
4 .4 2 .0 0.9 7 .3 1.2 0.6 0.0 1.8
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Table 3 .2  The mean frequency o f defensive a c ts  among the 
d i f f e r e n t  sp ec ies/sex  c la s se s  fo r  n o n -sib lin g s  in  the  s ix th  
and seventh weeks of age.
44 49 99
M. ochrogaster
week 6 2 .7 1.0 1.0
week 7 3.2 1.7 1.7
t o t a l 5 .9 2 .7 2 .7
M. pennsylvanicus
week 6 0.0 1.2 0.0
week 7 0.2 0 .4 1.6
t o t a l 0 .2 1.6 1.6
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Mode I I  in te ra c tio n s  and defensive behaviour were a ^ i n  
considered sep ara te ly  from th e  above behaviours (see Tables 3 .1  and 
3 .2  re sp e c tiv e ly )  on account o f  th e i r  e r r a t i c  occurrence. No c le a r  
d iffe re n c e s  between the sex c la sse s  in  the  mean frequency o f Mode 
I I  in te ra c tio n s  were ev iden t in  p r a i r ie  v o les , b u t in  meadow voles 
the mean frequency was r e la t iv e ly  high in  44 dyads and low in  99 
dyads (Table 3.1)» Defensive a c ts  by n o n -s ib lin g  dyads 
from the s ix th  week o f  age were g en era lly  most freq u en t in  44 
dyads when p r a i r ie  vo les were considered, b u t in  meadow voles 44 
dyads had the low est mean scores fo r  defensive a c ts  (Table 3 .2 ) .
D ifferences between the  spec ies
H i^  and low behaviour scores were found in  both species  
(F ig. 3 .4 ). I t  was th e re fo re  decided th a t  a meaningful approach 
towards d escrib in g  species  d iffe re n c es  would be to consider 
whereabouts w ith in  the  range o f  behaviour scores the  la rg e s t  number 
of dyads would f a l l .  Accordingly the median t e s t  was used (S ieg e l, 
1956) . The median t e s t  was ap p lied  to  a l l  encoun ters-in  each s p e c ie s / 
s ib lin g  c la s s  between the th ird  and f i f t h  weeks o f  age (F ig. 3 .4 ) . 
Choice pf the  age range avoids some on togenetic  changes a lread y  
d iscussed  in  the  behaviour scores o f  p r a i r ie  vo les a f t e r  the f i f t h  
week o f  age, and a lso  avoids the immature behaviour o f in fa n ts  
in  the second week o f age (see below).
P ra ir ie  vo les had h igher median scores fo r  nose-to -neck  and 
nose-to-rum p c o n tac ts , allogroom ing and s i t t i n g  in  co n tac t, whether 
s ib lin g s  o r n o n -s ib lin g s  o f  the two sp ecies  were being compared. 
P ra ir ie  voles had a h igher median score fo r  n o se-to -sn o u t co n tac ts  
when s ib lin g s  were compared, bu t n o t when n o n -s ib lin g s  were compared.
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Figure 3 .4 . Species d iffe ren ce s  in  encounter behaviour scores 
^  o f s ib l in g  and n o n -s ib lin g  dyads between th e  th i rd
and f i f t h  weeks o f age. Shaded: M, pennsylvanicus; 
unshaded: M. o ch ro g aste r. P values in d ic a te  the 
s ig n if ic an c e  le v e l  o f th e  spec ies  d iffe ren ce  assessed  
by the  median t e s t .  A bscissa g ives behaviour score 
ranges; o rd in a te  g ives the  p ercen t o f  encounters w ith 
sco res in  each range, n , the no. encounters fo r  
M. pennsylvanicus a re  non-sib  = 88; s ib  = 91; and f o r  
M. ochrogaster a re : non-sib  = 90; s ib  = 90.
N-S: no se-to -sn o u t con tac t (body nosing sco res);
N-N: nose-to-neck con tact (body nosing sco res);
N-R: nose-to-rum p con tac t (body nosing sco res);
N-AG: n o se -to -an o g en ita l co n tac t (body nosing sc o re s ); 
AGR: aliogroom (behaviour a c t  sco res);
SC: s i t t i n g  in  con tac t (min):
IL: in te ra c tio n  la tency  (min).
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P r a ir ie  vo les had a h igher median score fo r  n o se -to -an o g en ita l 
con tac t when n o n -sib lin g s  were considered, but s ib lin g s  o f  both 
species d isp layed  equally  low scores fo r  an o g en ita l nosing. There 
was no d iffe ren ce  in  the median la te n c ie s  to  in te r a c t ,  even though 
meadow vole la te n c ie s  o f over f iv e  minutes (see procedure fo r  
record ing  encounters) a re  included  in  the a n a ly s is .
In  order to  determ ine the e a r l i e s t  age a t  which the p r a i r ie  
vole behaviour scores were d is tin g u ish ab ly  h igher than the meadow 
vole sco res, scores fo r  s ib lin g  dyads o f th e  two species were 
compared in  the  second week o f  age and a ^ i n  in  the th ird  week.
The t  t e s t  was used fo r  the comparison, but where the F r a t io  
departed  s ig n if ic a n tly  from u n ity , the non-param etric Kruskal- 
W allis a n a ly s is  o f variance was employed to  confirm an a p p a ra it  
species  d iffe re n c e  (Table 3*2)• species d iffe re n ce s  in  body 
nosing scores were found in  the second week o f age, although 
p r a i r ie  vo les spent more time than meadow voles s i t t i n g  in  co n tac t. 
However, in  the  th i rd  week o f age rump and neck nosing sco res , 
a s  w ell as  scores fo r  time s i t t i n g  in  co n tac t, were g re a te r  in  
p r a i r ie  voles than in  meadow v o les .
A K ruskal-W allis a n a ly s is  o f variance was c a rr ie d  ou t to  
confirm th a t  the t o t a l  nosing scores o f w ild -c a u ^ t  meadow vole 
young did no t d i f f e r  s ig n if ic a n tly  from th a t  o f  la b -rea red  young 
te s te d  between weeks th re e  and f iv e .  For 15 n o n -s ib lin g  encounters 
(using a t o t a l  o f  22 w ild-caught young) compared to  the same number 
o f encounters between lab -rea red  young se le c ted  randomly from 
comparable a g e /s ib lin g /s e x  c la s se s , th e re  was no d iffe ren ce
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(h = 0 . 167, P = 0 .5 -0 .7 ) . The comparison was n o t c a rr ie d  ou t fo r  
s ib l in g  encounters, s ince  in  the 3-5 week age range, only fo u r 
ou t o f  91 meadow vole s ib lin g  encounters involved w ild-caught young.
For these  fo u r encounters, snout nosing scores ranged from 9 to  28, 
and neck nosing scores from 7 to  35» i . e .  w ith in  the  range o f scores 
from the s ib lin g  encounters o f lab -rea red  in d iv id u a ls  (see F igs.
3 .4  and 3 .^ ) .
P ra ir ie  vole dyads d isp layed  more re c ip ro c ity  than meadow 
voles in  the number o f  nosing co n tac ts  each vole made to  the  o ther 
a s  evidenced by c o rre la tio n s  between the  nosing con tac t scores 
made by each member of the  dyad (Table 3 . 4) .  F u rth er, Mode I I  
in te ra c tio n s  were found to  c o n s is t o f more nosing con tac ts  follow ing 
the  i n i t i a l  Mode I I  a c t  in  each in te ra c tio n  in  p r a i r ie  vo les than 
in  meadow voles (median number o f nosing con tac ts  fo r  p r a i r ie  voles 
= 3, fo r  meadow voles = 1; X^= 23 . 3 » d f = 1, P<40.001; median t e s t ) .
D ifferences between s ib lin g  and n o n -s ib lin g  dyads
The behaviour o f s ib lin g  and n o n -s ib lin g  dyads was compared 
by re a lig n in g  (in  F ig . 3 .^  ) the da ta  o f F ig. 3 .4  in  o rder to  c o n tra s t 
the s ib lin g  and n o n -s ib lin g  scores fo r  each sp ec ies; th e  median t e s t  
was again  used to  a sse ss  th e  s ig n ifican ce  o f d iffe re n c e s  between them. 
P r a ir ie  vole n o n -s ib lin g  dyads exceeded s ib lin g  in  the median scores 
fo r  nosing con tac ts  to each body region  and fo r  allogroom ing a t  the 
2% le v e l o f s ig n if ic a n c e . Meadow vole n o n -s ib lin g  dyads a lso  exceeded 
s ib lin g s  in  the  median scores fo r  allogroom ing and fo r  nosing the 
snout, rump and an o g en ita l reg ions, bu t the magnitude o f the d iffe re n c e s
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FlgiSre 3»2* D ifferences between s ib l in g  and n o n -sib lin g  dyads 
in  encounter behaviour scores o f M. ochrogaster 
and M, pennsylvanicus between th e  th i rd  and f i f t h  
weeks o f age. Shaded* s ib lin g ; unshaded* n o n -s ib lin g , 
P values in d ic a te  the s ig n if ic a n c e  le v e l o f  the  
d iffe ren ce  between the s ib l in g  types assessed  by 
th e  median t e s t .  A bscissa, o rd in a te , n, th e  no. 
encounters, and ab b rev ia tio n s  a re  a s  fo r  F ig . 3 .4 .
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was le s s  than fo r  p ra ir ie , vo les. F u rth e r, th e re  was no d iffe ren ce  
between meadow vole s ib lin g  and no n -sib lin g  dyads in  the median 
sco res fo r  neck nosing. There was no d iffe re n c e  in  e i th e r  sp ec ies  
between the s ib l in g  types in  the median scores fo r  s i t t i n g  in  
con tact and in te ra c tio n  la ten cy .
Mode I I  in te ra c tio n s  by p r a i r ie  vo les occurred with 
s im ila r  mean frequency in  s ib lin g  and non^sib llng  encounters, 
bu t Mode I I  in te ra c tio n s  by meadow voles occurred with lower 
mean frequency in  n o n-sib ling  than in  s ib lin g  encounters (Table 3*1 )^ » 
Defensive behaviour was v i r tu a l ly  absen t from s ib lin g  encounters 
of both sp ec ies, b u t occurred during  some n o n -sib lin g  encounters 
o f both spec ies  during  the s ix th  and seventh weeks of age (Table 3 .2) .
DISCUSSION
The r e s u l t s  of th i s  study have shown th a t  ju v en ile  p r a i r ie  
voles engaged in  more body nosing co n tac ts  and huddling than meadow 
v o les , and a lso  d if f e re n tia te d  more c le a r ly  than meadow vo les  between 
s ib lin g s  and n o n -sib lin g s  in  th e ir  so c ia l behaviour. However, the 
v o les p a r tic ip a tin g  in  th is  study undoubtedly do no t rep re sen t 
c ro ss -sec tio n s  of n a tu ra lly  occurring p r a i r ie  and meadow vole 
populations accro ss  th e ir  range, and caution  must be exercised  in  
g en era lis in g  the  r e s u l t s  to  th e  spec ies  a s  a whole. Ihe same p o in t was 
nade by King (1958) in  re fe ren ce  to  h is  comparative study of behaviour 
in  cap tive  populations o f two Peromyscus subspecies. Even in  n a tu re , 
so c ia l o rg an isa tio n  -  and hence the  r e la t iv e  frequencies  df
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d if f e r e n t  behaviour p a tte rn s  -  may in  any case d i f f e r  in  two populations 
o f the  same mammal species (Thomas and B im ey, 1979;
V estal and H ellack, 1978).
The main r e s u l t  of t h i s  study, which may transcend the 
problems of the o rig in  of the study anim als and have general 
a p p lic a tio n , i s  the  fin d in g  th a t  cap tive  vo les from two sources 
should d i f f e r  s ig n if ic a n tly  in  th e i r  scores fo r  body nosing con tac ts  
and s i t t i n g  in  co n tac t. Scoring these asp ec ts  o f behaviour in  ju v en ile s  
might become a u se fu l to o l fo r  ranking d if f e re n t  populations of 
small mammals w ith re sp e c t to s o c ia l  to le ra n ce . The r e s u l t s  of 
th i s  study suggest th a t  neck and rump nosing, allogroom ing, s i t t i n g  
in  con tac t and Mode I I  in te ra c tio n s  may be the most u se fu l behaviours 
to score in  th is  re sp ec t (snout nosing only exh ib ited  spec ies  
d iffe re n c es  w ith s ib lin g s , and an o g en ita l nosing w ith n o n -s ib lin g s ).
The d iffe ren ces  in  behaviour sco res between s ib lin g s  and n o n -s ib lin g s  
found in  t h i s  s tu iy  suggest a p o te n tia l  fo r  fu r th e r  refinem ent in  
c la s s ify in g  species w ith re sp e c t to  so c ia l to le ran ce , s in ce  the degree 
o f d iffe ren ce  between s ib lin g  and n o n -s ib lin g  in te ra c tio n  i s  a 
r e f le c t io n  o f the  p o te n tia l  degree o f d u ra b ili ty  and s o c ia l  in su la tio n  
o f s ib lin g  r e la t io n s  in  na tu re  (Bekoff, 1981). According to  the 
p resen t study, the  best in d ic a to r  o f the  species  d iffe re n ce  in  
s ib lin g /n o n -s ib lin g  d is p a r i ty  in  behariour sco res may be neck nosing, 
s ince n o n -sib lings d isp layed  s ig n if ic a n tly  more neck nosing than 
s ib lin g s  in  p r a i r ie  v o les, bu t no t in  meadow vo les. However, a 
le s s  dram atic species d iffe ren ce  in  s ib lin g /n o n -s ib lin g  d is p a r i ty  
was a lso  evident in  o th er forms o f body nosing. I t  may be noted
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th a t  scores fo r  s i t t i n g  in  con tact did not p a r a l le l  the o th e r  s o c ia l 
behaviour d iffe re n c e s  between s ib lin g s  and n o n -s ib lin g s .
The body nosing behaviour o f ju v en ile s  has been a much 
neg lected  asp ec t o f sm all mammal behariour. One reason fo r  th is  
n eg lec t may be th a t  the behaviour lacks an obvious b io lo g ic a l goal, 
and th e re fo re  cannot, in  our p resen t s ta te  o f knowledge, be assigned  
to  a fu n c tio n a l category such a s  sexual, p a re n ta l o r aggressive  
behaviour. The most obvious immediate function  o f body nosing by 
p ra ir ie  and meadow vole ju v en ile s  was so c ia l in v e s tig a tio n , probably 
r e s u l t in g  in  the  reco g n itio n  o f an in d iv id u a l a s  s ib lin g  or 
n o n -s ib lin g . There i s  evidence in  spiny mice (Acomys c a h ir in u s ) 
th a t  o lfa c to ry  exchange i s  necessary  fo r  s ib l in g  reco g n itio n  among 
weanlings (P o rte r e t  a l . ,  1978). Possib ly  the  in d iv id u a ls ' sex may 
a lso  be id e n tif ie d , although the  r e s u l ts  suggest th a t  even i f  th is  
occurred, i t  d id  no t s ig n if ic a n tly  in fluence  the  in te ra c tio n s  of 
dyads younger than f iv e  weeks o f  age. The freq u en t r e p e t i t io n  of 
body nosing th ro u ^ o u t the encounters suggested th a t  something more 
than mere reco g n itio n  o r g ree tin g  might be tak ing  p lace . P ossib ly  
in te n s iv e  body nosing may promote the form ation o f so c ia l bonds 
between the  p a r t ic ip a n ts .  Indeed Happold (1976a) considered th a t  th é  
function  o f 'a t t r a c t in g ' behaviours in c lud ing  body nosing by a d u lt  
dyads o f some co n ilu rin e  (muroid) ro den ts  was to  promote s o c ia l  
bonding defined in  terms o f sim ultaneous r e s t in g  in  the  same n e s t, 
n e s t b u ild ing , feeding and burrowing by the  dyad.
The sp e c ie s /s ib lin g  c la ss  o f ju v en ile  vole dyad w ith the 
h ig h est average o r median scores fo r  body nosing was the p r a i r ie
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vole n o n -s ib lin g  c la s s , excepting dd dyads over f iv e  weeks o f age.
P ossib le  b e n e f it to  in d iv id u a l f i tn e s s  o f th i s  in ten siv e  body nosing
may concern p h ysio log ica l development. B a tz li e t  a l ,  (1977)
noted th a t  in tim ate  con tac t with a n o n -sib lin g  and u n fam ilia r
nonspecific  o f the  opposite  sex was necessary  fo r  s tim u la tio n  of
sexual development in  young p r a i r ie  voles whose sexual development
had been h ith e r to  suppressed owing to  the continuous proxim ity of
s ib lin g  cagemates. P ossib ly  the  h igh ly  r e p e t i t iv e  nosing con tac ts
to  the snout, neck, rump and an o g en ita l reg io n s  observed in
the n o n -s ib lin g  p ra ir ie  vole encounters o f th i s  study c o n s ti tu te
the con tac t with a s tran g e r necessary  fo r  the induction  o f sexual
development. In p a r t ic u la r ,  the high scores fo r  an o g en ita l nosing
by n o n -sib lin g s  compared to  s ib lin g s , and the considerable in crease
w ith age in  the n o n -s ib lin g  sco res, may be im portant in  th i s  re sp e c t.
C arter e t  a l .  ( 1980 ) have suggested th a t  rep roductive a c tiv a tio n
o f young female p r a i r ie  vo les may be s tim ulated  by d ire c t
n a so -g en ita l con tac t, and they have observed th a t  s ib lin g s  in  t h e i r
home cages ra re ly  make th i s  co n tac t. My r e s u l t s  a re  in  agreem eit
with th e i r  suggestion. Possib ly  nosing con tac ts  to  the  o th e r  body
reg ions may a lso  co n trib u te  to  p h y sio lo g ica l development -  o r  may
function  to e s ta b lish  the  s o c ia l to le ran ce  necessary  fo r  repeated
an o g en ita l nosing to  be perm itted . The considerable degree o f
re c ip ro c ity  observed in  p r a i r ie  vole nosing con tac ts  may be
understood i f  i t  i s  to  the advantage o f each member o f a n o n -s ib lin g
1
dyad to nose the o th e r as  much a s  p o ss ib le .
The la rge  amount o f body nosing observed between p r a i r i e  
vole n o n -sib lin g s  may a lso  be necessary  to  generate  a s o c ia l  bond 
^Such a mutual b e n e f it  would be d i f f i c u l t  to e s ta b lis h  experim entally ,
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between a ju v en ile  and a strange conspecific  a g a in s t the background 
o f strong  s ib lin g  t i e s  (see Bekoff, 1981), The form ation o f 
heterosexual pair-bonding probably in creases  the chance o f reproductive 
success in  p r a i r ie  vo les (Thomas and B im ey, 1979); in ten s iv e  
body nosing between a ju v en ile  and a s tra n g e r  might in  any case 
encourage d isp e rsa l o f p r a i r ie  vole young away from th e i r  p a ren ts ' 
extended fam ily . The r e la t iv e ly  le s s  in ten s iv e  body nosing observed 
in  meadow vole n o n -sib lin g  encounters i s  co n s is te n t w ith the  f a c t  th a t  
meadow vole young apparen tly  do not show s ib lin g  suppression o f 
sexual development (B a tz li e t  a l , ,  1977), and th e re fo re  have no 
need fo r  sexual development to  be induced by in te ra c tio n  w ith a 
s tran g er F u rth er, th e re  i s  probably no strong  background o f s ib lin g  
cohesion to be overcome by the a t t r a c t io n  o f a s tra n g e r  in  o rder 
fo r  d isp e rsa l and reproduction  o f young anim als to  proceed.
A bell-shaped  curve during ontogeny and sex d iffe re n c es  were 
found f o r  the d is tr ib u tio n  of Mode I I  in te ra c tio n s  in  both sp ec ies , w hile 
o v e ra ll  nosing scores d id  not correspond with these  f in d in g s . These r e s u l t s  
suggest th a t  Mode I I  behaviour may p lay a  ro le  in  vole development 
which i s  q u ite  d i s t in c t  from th a t  suggested fo r  o v e ra ll body nosing , 
which i s  la rg e ly  mode I  behaviour. Bekoff (1976) suggested th a t  
th e re  should be a bell-shaped  curve fo r  the  ontogeiy o f the  amount 
o f  so c ia l play by young mammals, w ith the age corresponding to  the 
peak o f the curve a s  the 's o c ia l iz a t io n  p e r io d '.  I f  Mode I I  
in te ra c tio n s  a re  considered to  be a form o f  play (see sec tio n  on 
so c ia l behaviour recorded), B e k o ffs  hypothesis might suggest th a t  
the post-weaning period  cen tering  on the fo u rth  week o f age - when
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the maximum number o f Mode I I  in te ra c tio n s  were seen -  may be an 
im portant period  fo r  s o c ia lis a t io n  o f ju v en ile  voles amongst 
th e i r  agemates. The decrease in  s i t t i n g  in  con tac t by s ib lin g s  a t  
th i s  age may r e f l e c t  a h igher a c t iv i ty  le v e l  during th is  s o c ia lis a t io n  
period .
To conclude, th i s  study found th a t  s o c ia l  behaviour d isp layed  
by ju v en ile  dyads o f two M icrotus species  co n sis ted  o f repeated  
co n tac ts  o f a g en tle  and unhurried  n a tu re  as  w ell as  continuous 
con tact; the  behaviour lacked an obvious b io lo g ic a l goal.
N evertheless, q u a n tita tiv e  d iffe ren ce s  in  the behaviour were found 
between the  two species and between s ib lin g  and n o n -sib lin g  dyads; 
these  d iffe ren ce s  may l i e  a t  the  ro o t o f the spec ies  d iffe re n c e s  in  
so c ia l o rg an isa tio n . This study has th e re fo re  focussed a t te n t io n  
on a much neg lected  a sp ec t o f  sm all nammal s o c ia l behaviour, i . e .  
th a t  o f ju v e n ile s . I t  i s  to  be hoped th a t  th i s  and fu tu re  s tu d ie s  
o f ju v en ile  so c ia l behaviour may complement re c en t and cu rren t 
s tu d ie s  of sexual behaviour (e .g . Gray and Dewsbury, 1973)» 
aggressive  bd iaviour (e .g . Getz, 1962; lôrebs, 1970; Rose and Gaines, 
1976; Rose, 1979) , mating systems (e .g . Thomas and B im ey, 1979;
Stehn and Richmond, 1975; B a tz li e t  a l . ,  1977), p a re n ta l behaviour 
(e .g . Hartung and Dewsbury, 1979; King, 1958; see a lso  
Chapter 2) and s p a t ia l  o rg an isa tio n  in  the f i e ld  (e .g . Madison, 1980) 
in  fu r th e r in g  our understanding o f species d iffe re n c es  in  s n a il  
mammal so c ia l o rg an isa tio n .
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CHAPTER 4
CONTACT-PROMOTING BEHAVIOUR, SOCIAL DEVELOPMENT AND 
RELATIONSHIP WITH PARENTS IN SIBLING JUVENILE DEGUS
(OCTODON DEGUS)
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FRONTESPIECE
Bodily con tac t between p a ren ts  and young 
in  Octodon degus
l e f t -  mother and young; c e n tre -  f a th e r  and 
young; r ig h t -  f a th e r  (on to p ) , mother and young.
Sketches a re  drawn from observation
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ABSTRACT
This chapter d escrib es in fa n t s o c ia lis a tio n  in  
cap tive  parent-young u n its  o f the caviomorph rodent 
Octodon degus. Types of parent-young con tac t (huddling o r 
sq u a ttin g ) and s o c ia l in te ra c tio n  (body nosing and 
accompanying behaviours) a re  described  and th e i r  ontogenetic  
tren d s  examined between p o s t-n a ta l days one and 46, F athers 
spent le s s  time than mothers in  con tac t w ith the  young.
Mother-young con tac t decreased p o s t-n a ta lly , whereas the 
amounts o f mother-young and father-young so c ia l in te ra c tio n , 
measured in  terms o f body nosing exchanges, showed a continuous 
in crease  p o s t-n a ta lly ; s ib lin g  in te ra c tio n s  a lso  showed a continuous 
in c rease . Father-young in te ra c tio n s  tended to be dominated by 
the f a th e r .  Young reared  with th e  f a th e r  cohabiting  huddled 
le s s  w ith th e i r  mother, and engaged in  le s s  body nosing, than 
young rea red  in  the f a th e r 's  absence. O bservations suggested 
th a t  p a te rn a l co n tro l o f the young may curb ju v en ile  in te ra c t io n s .  
Young observed w ithout th e i r  p aren ts  in  an u n fam ilia r enclosure 
did no t groom o r 'p la y ' as in  th e i r  home cage w ith th e i r  p aren ts  
p re sen t, but engaged in  r e la t iv e ly  more v o ca lis in g , neck nosing 
and forepaw -clasping.
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INTRODUCTION
The degu (Octodon degus) i s  a r a t - s iz e d  caviomorph roden t 
found in  the low -lying g rasslands of c e n tra l Chile (Woods and 
Boraker, 1975)» Degus l iv e  communally, in  non-overlapping 
groups, each o f which includes sev era l a d u lts  o f  both sexes 
(Fulk, 1976). They a re  d iu rn a l, a c tiv e  anim als which engage in  
considerable huddling, s o c ia l grooming and so c ia l play as  
ju v en ile s , and vigorous in te ra c tio n  as  a d u lts  (Wilson and Kleiman, 
1974; Kleiman, 1974; Davis, 1975; Fulk, 1976; Yanez and Jak s ic , 
1976). They make extensive use o f u rin e  marking (Kleiman, 1975) 
and o f th e i r  vocal r e p e r to ire  (Eisenberg, 1974; Reynolds and 
Wright, 1979) . The young a re  considered to  be sem i-p recocia l, 
being fu l ly  fu rred  and w ith open eyes a t  b i r th ,  and ab le  to  walk 
in  a wobbly fash io n . The aims of th is  chapter a re  to  examine 
contact-prom oting p a tte rn s  used by s ib l in g  in fa n ts  and ju v e n ile s  
in  c a p tiv ity , and to  tra c e  the progress of so c ia l re la t io n s h ip s  
among l i t te rm a te s  and between young and th e i r  paren ts in  c a p tiv ity  
by quan tify ing  the occurrence o f d if f e re n t  types o f s o c ia l 
in te ra c tio n  during ju v en ile  ontogeny.
In an e a r l i e r  study of th is  species  in  c a p tiv ity  (Wilson 
and Kleiman, 1974), body nosing con tac ts  between animals were 
id e n t i f ie d  as  a dominant mode of ju v en ile  s o c ia l in te ra c t io n , 
a.though d is tin g u ish ab le  v o c a lisa tio n s  (see a lso  Reynolds and 
W right, 1979) and body postu res may often  accompany body nosing.
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A s tr ik in g  a sp ec t o f th i s  e a r l i e r  study was the s im ila r i ty  in  
ju v en ile  so c ia l behaviour p a tte rn s  between Octodon and a vole 
spec ies  a lso  stud ied  e a r l i e r  (M icrotus a g r e s t i s ; Wilson, 1973). 
Behavioural s im i la r i t ie s  in  M icrotus and Octodon included the 
freq u en t use by ju v en ile s  o f b r ie f  body nosing co n tac ts  to  one 
ano ther, the body a reas  nosed, and head -  shaking, jumping and 
running which o ften  accompanied body nosing, and appeared to 
be an immediate consequence o f i t .  In Chapter 3 o f  th i s  th e s is ,  
body nosing co n tac ts  were shown to be the p rin c ip a l observable 
mode o f ju v en ile  s o c ia l  in te ra c tio n  in .th e  voles Microtus 
ochrogaster and M. pennsylvanicus. The p resen t study o f 
Octodon i s  a con tinuation  o f th is  s e r ie s  o f s tu d ie s  o f ju v en ile  
body nosing behaviours, and body nosing co n tac ts  a re  used a s  the 
p rin c ip a l in d ic a to r  o f the amount o f ongoing so c ia l in te ra c tio n  
among ju v en ile s  and between ju v en ile s  and th e i r  p a ren ts .
Thus the emphasis on behaviour recorded in  th is  chap ter 
i s  the  same as  th a t  in  Chapters 2 and 3» and the methods o f 
record ing  and c la s s ify in g  behaviours a re  a lso  the same. Whereas 
the vole study was separated  in to  a considera tion  o f parent-young 
con tac t (Chapter 2) and ju v en ile  s o c ia l  in te ra c tio n s  (Chapter 3) 
because these a sp ec ts  of behaviour were most re a d ily  observed in  
d if f e r e n t  con tex ts, parent-young con tac t and juven ile  s o c ia l 
in te ra c tio n s  in  Octodon were both re a d ily  observed in  the s in g le  
con tex t of undisturbed fam ily  groups, observations o f both o f these  
asp ec ts  of behaviour a re  th e re fo re  p resented  here to g e th e r in  one 
chapter.
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ANIMALS AND METHODS
Animals and enclosures
The Octodon degus colony a t  the N ational Z oological Park 
was derived from fo u r a d u lts  received  in  1971 from a colony 
in i t i a t e d  in  1964 a t  the  M assachussetts In s ti tu te -  o f Technology.
Living enclosures fo r  fam ily groups, in  which observations 
o f the fam ilie s  were made, consis ted  o f g la ss -fro n te d  wooden 
cages each measuring about 100 x 60 x 50 cm. The su b s tra te  was 
pine shavings. Each cage contained a n e s t box w ith s id es  of 
tra n sp a ren t p la s t ic ,  a la rg e  wooden block fo r  gnawing and 
climbing on, and a m etal tra y  con tain ing  sand. N esting m ate ria l 
in  the form of shredded newspaper was given only a t  the time 
of b i r th ,  s ince the animals d id  no t use i t  a t  o th e r tim es.
Dry food (seeds, n u ts , g ra in s  and ra b b it  chow) were fed d a ily , 
and supplemented d a ily  w ith fre sh  kale along w ith  o th e r fre sh  
vegetables and f r u i t .  Water was always a v a ila b le .
O bservations
Three s e r ie s  o f observations were c a rrie d  out:
( l )  Family u n its  co n s is tin g  o f a l i t t e r  and e i th e r  the mother 
o r both paren ts  were observed from the day o f  b ir th  (day one)
through day 46; th i s  i s  the age a t  which degu young approach
puberty (Wilson, unpublished observations^).
In the f i r s t  condition the fa th e r  was housed continuously
^A fter th i s  age vag inal opening began to  occur, and s o c ia l  in te ra c t io n  
between n o n -s ib lin g s  during dyadic encounters incorporated  many components
o f aggressive behaviour not occurring  e a r l i e r  in  ontogeny.
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w ith th e  mother from mating through the b i r th  o f  the l i t t e r  and 
u n t i l  observations ceased. F ive such fa m ilie s  were observed, 
involv ing  f iv e  d if f e re n t  mothers and fou r d i f f e r e n t  f a th e rs .
The mean l i t t e r  s iz e  was 6 .4  (range 5-8) and the mean sex r a t io  
was 4 ,2d^i2 .0$9, In the  second condition the mate was removed 
before the b ir th .  Five such m o th e r- l i t te r  groups were observed, 
involv ing  f iv e  d if f e r e n t  females (fou r o f th ese  fem ales were 
a lso  observed in  the fa th e r-p re se n t cond ition , two o f them before 
they rea red  th e i r  young a lone, and two a f t e r  re a rin g  th e i r  
young a lo n e ). The mean l i t t e r  s iz e  was 4 .8  (range 3-?)» and 
the mean sex r a t io  was 1 1.1899. D ifferences between the  two
conditions in  mean l i t t e r  s iz e  and sex r a t io  were considered 
during data  a n a ly s is .
The f i r s t  f iv e  fam ily u n its  (two w ith the  fa th e r  absen t) 
were housed a t  the N ational Zoological Park, on a l ig h t  cycle 
o f 12 hours l ig h t  and 12 hours dark, darkness beginning a t  15:30. 
The rem aining f iv e  fam ily u n its  observed were housed in  the 
basement of the a u th o r 's  home, where the l i ^ t  schedule was n a tu ra l  
dim d ay lig h t supplemented by dim e le c t r ic  l ig h t  in  the  evening.
The room was u sually  in  darkness fo r  f iv e  to  e ig h t hours a t  
n ig h t. Temperatures a t  both lo ca le s  were m aintained between about 
65 and 75 F according to  season.
Each fam ily was observed s ix  o r seven days a week fo r  two 
d a ily  15-min periods. The 15-min period i s  an a r b i t r a r i l y  defined  
segment o f  time which has been used fo r  o th e r au tho rs  ch artin g  
the ontogeny o f ju v en ile  and parent-young s o c ia l  behaviour in
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cap tiv e  roden ts (Kleiman, 1972; Happold, 1976b; i t  i s  a lso  the same 
time period as  th a t  used fo r  observing vole parent-young con tac t 
in  Chapter 2 ). Animals housed a t  the zoo were observed once in  
the l a te  morning, and again in  the e a rly  afternoon; th is  schedule 
avoided feeding  and c lean ing  tim es, and the onset o f darkness.
For the anim als housed in  the a u th o r 's  home, th e  two 15-min 
observation periods were chosen on an ad lib itu m  b a s is , but 
were always separated  by an in te rv a l  during  which the anim als 
were (as a t  the zoo) given fre sh  food. The in te rv a l  was a t  
le a s t  2% hours (as fo r  the observations of vole fam ilie s ; Chapter 2) 
Observations were handw ritten , using a bdnaviour code. 
Behaviour was recorded in  terms of the follow ing measures;
Contact tim e:-  time spent in  continuous body con tac t ( e i th e r  
nursing  o r huddling) between one o r  both paren ts  and a t  le a s t  one 
young; the converse measure o f p a re n ta l time o f f  the young was 
a lso  used.
Body nosing sco res :-  Most body nosing con tac ts  were b r ie f  ( i . e .  
le s s  than two sec) and received  a body nosing score o f one. The 
nosing score was ad ju sted  in  the case o f longer con tac ts ; those 
la s t in g  two sec o r longer received  a score o f two. Allogrooming, 
in  which an animal n ibb led  and lick ed  a n o th e r 's  fu r ,  was considered 
to  be a form of body nosing and was scored as above; However, 
prolonged, unbroken bouts of allogroom ing received  a maximum 
nosing score o f fou r. This method o f scoring  body nosing co n tac ts  
i s  the same as  th a t  used during the vole study (Chapters 2 and 3 ).
83
Body nosing scores were a t t r ib u te d  to  the c la s s  o f  anim al doing the  
nosing ( i . e .  young to each o th e r , young to  th e ir  p a ren ts , and 
p aren ts  to  young), and a l l  scores fo r  each observation  were div ided  
by the number o f young in  the l i t t e r .
Behaviour a c t  sco re s ; -  The occurrence o f se lec ted  behaviour p a tte rn s  
was measured by each performance o f a behaviour p a tte rn  rece iv in g  
a behaviour score o f one, reg a rd le ss  o f d u ra tio n . As fo r  body nosing 
sco res, behaviour a c t  scores were a t t r ib u te d  to th e  c la s s  o f anim al 
perform ing the behaviour ( i . e .  young to  each o th e r , young to  p aren ts  
and paren ts  to  young), and a l l  scores f o r  each observation  were d iv ided  
by th e  number o f young in  th e  l i t t e r .  The behaviour p a tte rn s  se le c ted  
fo r  th is  measurement have been c o lle c tiv e ly  termed ’p la y ’ when 
performed by ju v en ile s  in  th e i r  home cage, and a re  described  
in  d e ta i l  in  the  e a r l i e r  study (Wilson and Kleiman, 1974). When 
young nose one ano ther, they sometimes engage in  physica l 
manoeuvres involv ing  loose body tone. These include one anim al 
forepaw -clasping another from th e  r e a r  p o s itio n , and young (u su a lly  
a dyad) adopting a v e n te r-to -v e n te r  o r ie n ta tio n  in  the mutua 1 - u p r i ^ t  
o r , o ccasio n a lly , the  supine-quadrupedal p o s itio n . In the mutua 1- 
u p r i ^ t  p o s itio n , the  young push a g a in s t each o th e r 's  shoulders.
These behaviours a re  alm ost always accompanied by the 'g u rg lin g ' 
v o ca lisa tio n  (Reynolds and W right, 1979). Each occurrence o f 
snout o r neck nosing not in  the con tex t o f  any o f ihe above 
manoeuvres o r allogroom ing a lso  received  a behaviour a c t  score 
o f one, c la s s i f ie d  a s  'nosing  in  unstereotyped p o s i t io n s '.
(rump and an o g en ita l nosing, and allogroom ing, were a lso  scored 
in  th i s  manner, bu t the  da ta  have n o t been included h e re ) .
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Locom otor-ro tational movements sometimes accompany ju v en ile  body 
nosing behaviours, and each occurrence received  a score o f one 
under 'jum ping' o r  'headshaking ' re sp e c tiv e ly . This behaviour 
a c t  sco ring  method i s  comparable to  th a t  used fo r  th e  behaviour 
o f  ju v en ile  vo les in  the  vole dyadic encounter study (Chapter 3 ) .
(2 ) For the second s e r ie s  of observations, l i t t e r s  were removed 
from th e i r  home enclosure and p a ren ts , and placed in  a sep ara te  
enclosure; the  su b s tra te  was pine shavings w ith a  sand patch.
Each l i t t e r  was observed in  th i s  enclosure fo r  10 min on p o s t-n a ta l  
days 2 ,4 , 6 , 8 , 10, 12 , 14, 17,19 and 21; the observation  was kept to  
10 min in  order to  minimise s t r e s s  and h ea t lo ss  to  young in fa n ts .
Five such l i t t e r s  were observed (mean l i t t e r  s iz e  5»6, range 3-8) during 
the  illum inated  hours a t  the a u th o r 's  home; these observations were 
n o t c a rr ie d  ou t on each day u n t i l  a f t e r  the d a ily  observations o f 
fam ily u n its  in  th e i r  home cages were completed. The general behaviour 
o f young in  the separa te  enclosure w ithout th e i r  p aren ts  was recorded; 
the number o f nosing con tacts made to  th e  snout, neck and rump were 
counted, and d iv ided  by th e  number of young in  the l i t t e r  fo r  each 
observation .
(3 ) S ib lin g  dyads (â4, d? and 99) were removed from th e i r  home 
enclosure and p a ren ts , and placed in  a sep ara te  enclosure; th e  
su b s tra te  was p ine shavings w ith a sand patch . Each dyad was 
observed fo r  15 min. In d iv id u a ls  were observed no t more than once 
in  each sex combination a t  ages corresponding to  weekly in te rv a ls  
from the second to  the seventh week o f age ( th is  method i s
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comparable to th a t  used fo r  vole dyadic encounters described  in  
Chapter 3 ). Data from 36 such encounters a re  summarised here .
Ten in d iv id u a l fem ales and 12 males from s ix  l i t t e r s  a re  rep resen ted  
in  these d a ta ; some anim als were reared  and te s te d  a t  the zoo; o th e rs  
a t  the  a u th o r’s home. The genera l behaviour o f the dyad was 
recorded; the number o f nosing con tac ts  made to  the snout, neck, 
rump and an o g en ita l reg ion  were counted, and i t  was noted whether 
o r no t a no sin g  con tact was accompanied by forepaw -clasping. The 
number of tim es forepaw c lasp ing  occurred was a lso  counted.
Encounters between n o n -s ib lin g  dyads were a lso  c a rried  ou t, a s  in  the 
vole study (Chapter 3) , but in s u f f ic ie n t  data  was obtained , owing 
to  the in freq u en t occurrence of sim ultaneous b ir th s  in  our Octodon 
colony, and hence in s u f f ic ie n t  a v a i la b i l i ty  o f n o n -s ib lin g s  o f th e  
same age (see Chapter l ) .
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• RESULTS
( l )  O bservations o f undisturbed fam ily u n i t s .
Data d is tr ib u tio n  Because o f th e  ad lib itu m  method o f sampling 
undisturbed behaviour o f  fam ily groups, the scores fo r  a c tiv e  behaviours 
and parent-young con tac t time v aried  according to  the phase of 
the a c t iv i ty  rhythm sampled. The data a re  th e re fo re  h igh ly  skewed, 
rendering  standard measures and analyses o f variance in ap p ro p ria te .
The purpose o f th is  type o f data  c o lle c tio n  was to  ob ta in  s u f f ic ie n t ly  
la rg e  samples o f degu behaviour, covering a number o f  d if f e r e n t  
in d iv id u a ls  a t  a l l  phases o f the  a c t iv i ty  cycle , to  a r r iv e  a t  
estim ates  o f the  aveiage amount o f each a c t iv i ty  and parent-young 
con tac t occurring  per u n it  time a t  any given age o f th e  young 
(see a lso  Chapter 2; the  same type o f d a ta  c o lle c tio n  was used 
in  observations o f undisturbed vole fam ily  groups).
Data fo r  body nosing scores ajid parent-young co n tac t time 
have been considered in  successive th ree-day  periods (the  f in a l  
period , d 43-46, i s  a c tu a lly  a four-day p e rio d ). Since in  each 
condition  ( fa th e r  absen t o r p resen t) f iv e  fa m ilie s  were g en e ra lly  
observed tw ice d a ily , the maximum number of observations in  each 
th ree-day  period  was 30, each fam ily being rep resen ted  by s ix  
observations (in  p ra c tic e , the  th ree-day  period sample s iz e  i s  
sometimes le s s  than 30 (F ig. 4 .1 ) ,  s ince  the  f i r s t  f iv e  l i t t e r s  
were only observed s ix  days a week).
For each th ree-day  period the mean scores fo r  body nosing 
and parent-young con tac t r a th e r  than the  medians a re  p resen ted .
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Since the method o f da ta  c o lle c tio n  used in  th is  study was an 
e f f o r t  to  sample a l l  phases o f the  a c t iv i ty  cycle , i t  was im portant 
fo r  a re p re se n ta tiv e  p o r tra y a l of the  o v e ra ll amount of s o c ia l  a c t iv i ty  
a t  d i f f e r e n t  ages th a t  zero body nosing and behaviour a c t  scores 
(when the  anim als a re  re s t in g )  be inco rpora ted , and a lso  th a t  the 
exact magnitude both of low body nosing and behaviour a c t  scores 
of in fa n ts  engaging in  th e i r  f i r s t  s o c ia l in te ra c tio n s  and the  high 
scores o f o ld er young be taken in to  account. The mean score i s  used 
here since i t  takes g re a te r  account o f scores a t  the  high and 
low end o f the range than does the median (Ferguson, 1966).
Regressions have been ca lcu la ted  in  order to  a sse ss  the 
s ig n ifican ce  o f apparen tly  l in e a r  on togenetic  trends in  the mean 
scores fo r  successive th ree-day  periods.
Since the th ree-day  means fo r  behaviour a c t  sco res fo r  
each behaviour p a tte rn , such a s  forepaw -clasping o r in te ra c tio n  
in  the v e n te r-to -v e n te r  p o s itio n , f lu c tu a te d  more than body nosing 
scores on account of the  r e la t iv e ly  e r r a t i c  occurrence o f  in d iv id u a l 
p a tte rn s , behaviour a c t  scores a re  presented  th e re  as  s ix -day  means 
in  o rder to  p resen t any ontogenetic  tre n d s  more c le a r ly .
Parent-young con tac t The mean time spent by mothers in  continuous 
con tact w ith th e  young (F ig. 4 ,1 ) decreased l in e a r ly  from b i r th  
in  both the fa th e r-p re se n t and fa th e r-a se n t cond itions (b, the 
slope o f  the ca lcu la ted  reg ressio n  l in e ,  = -0.13» £  = -0 .9 0 ,
P ^  0.01 fo r  fa th e r-p re se n t;  b = -0 .13 ; r  = -0.85» P ^ O .O l  fo r  
fa th e r-a b se n t) . However, the d a ta  in  F ig . 4 .1  suggest th a t  th i s  
l in e a r  decrease may n o t continue beyond about s ix  weeks o f age; th i s  
i s  in  f a c t  the age a t  which n u t r i t io n a l  weaning i s  thought to  be
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complete (Kleiman, 1974; Reynolds and W right, 1979).
-fe Degu fa th e rs  e n th u s ia s tic a lly  sought access to  the  young 
(see a lso  Kleiman, 1974). They squatted  over, lick ed  and groomed 
sm all young, and huddled over them a s  they grew o ld e r. The young 
pushed under the fa th e r  in  the  supine p o s itio n  a s  o ften  a s  they did  
under the  mother (129 and 128 tim es re sp e c tiv e ly  fo r  a l l  observations 
o f l i t t e r s  rea red  by both p a re n ts ) . The data  in  F ig. 4 .2  in d ic a te  
th a t  fa th e rs  spent considerab le  tim e w ith the  young, a l th o u ^  
much le s s  than d id  the mothers. When the fa th e r  lay  to g e th e r 
w ith  the  mother and young, the fam ily u s ia l ly  huddled w ith the  fa th e r  
near the  top . The fa th e r  re s te d  with the  mother and young on 
average 4 .5  min per 15 f o r  the f i r s t  30 p o s t-n a ta l days, and only 
2 .7  min th e re a f te r  (Fig. 4 .1 , 2 -ta i le d  P <. 0.002 by the Mann-Whitney 
U t e s t ,  comparing d a ily  means fo r  days 1-30 w ith days 31-^6).
The ontogeny of ju v en ile  so c ia l in te ra c tio n  The f i r s t  day on which 
young were seen to  leave the n e s t box during observation  periods 
ranged from the th ird  to  th e  f i f t h  p o s t-n a ta l day (X = 3 .3 ^ ).
However, so c ia l in te ra c tio n  between s ib lin g s  was o ccasionally  
observed before th i s  age in  the n e s t  w hile the mother or both p aren ts  
were absen t. When a lone, newborn young would jo s t l e  fo r  in d iv id u a l 
p o s itio n , w ith young on the periphery  o f the group pushing towards th e  
to p  and cen tre . As an in fa n t crawled over i t s  s ib lin g s , i t s  nose 
sometimes brushed a g a in s t the neck of a l i t te r r a a te  beneath i t .  Very 
o ccasionally  a nose-to -snou t con tact occurred. Up to  ten  days o f age, 
an in fa n t pushing over the heap o f l i t te rm a te s  would o ccasio n ally  s n i f f  
th e  neck o r snout o f a s ib lin g , give a head-shake o r jump, and then
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Figure 4 .2 . Time spen t by p a ren ts  in  ccxitact w ith young.
 , moHier; --------- , fa th e r ;  mother
and fa th e r  in  n e s t to g e th er; . . . . ,  e i th e r  
paren t.
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Figure 4 .2 . Body nosing scores f o r  s ib l in g  in te ra c tio n s .
, f a th e r  absen t; ............   f a th e r  p resen t.
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run out o f the n e s t w ith a s ib lin g  sometimes running a f t e r  i t .
Neck nosing, u su a lly  the  f i r s t  p a tte rn  to  appear (X day = 3.92, 
ramge I-IO ), was followed in  ontogeny by snout nosing (X day = 6 .00, 
range 3-14), head-shaking (X day = 8 . 38, range 6- I 3) and forepaw- 
clasp ing  (X day = 11.0, range 5-15). This ontogenetic  o rder was 
h igh ly  c o n s is te n t over a l l  l i t t e r s  (K endall's  c o e ff ic ie n t o f 
concordance, W, = 0.69» P K. O.OOl).
The mean body nosing scores fo r  s ib lin g  in te ra c tio n s  
increased  l in e a r ly  with age from b ir th  through day 46 (F ig. 4 .2 ; 
r  was s ig n if ic a n t  a t  the 2% le v e l fo r  both the fa th e r-p re se n t and 
fa th e r-a b se n t co n d itio n s). When the  behaviour p a tte rn s  were 
considered sep a ra te ly  (Fig. 4 .3 ; neck and snout nosing in  
unstereotyped p o s itio n s  and v e n te r-to -v e n te r  in te ra c tio n s  were found 
to  in crease  l in e a r ly  w ith age ( r  was s ig n if ic a n t  a t  the  3% le v e l 
in  a l l  c ases), while head-shaking, jumping and forepaw -clasping d id  n o t.
The mean body nosing scores fo r  parent-young in te ra c tio n s  
a lso  increased  l in e a r ly  w ith p o s t-n a ta l age (F ig. 4 .4 ; r  was 
s ig n if ic a n t  a t  the  1% le v e l in  a l l  c ases). The scores fo r  mother 
nosing the young and fo r  young nosing the mother show s im ila r  tre n d s , 
suggesting th a t  mother-young in te ra c tio n s  were la rg e ly  re c ip ro c a l. 
However, the f a th e r s ' mean co n trib u tio n  to  nosing scores fo r  f a th e r -  
young in te ra c t io n s  c o n s is te n tly  exceeded th a t  o f the young throughout 
the developmental period observed (Fig. 4 .4 ) ,  When the da ta  fo r  
s ib lin g  nosing scores (F ig . 4 .2 ) a re  compared w ith young-to-paren t 
nosing scores (F ig. 4 .4 ) ,  i t  i s  ev iden t th a t  the young g en era lly  
nosed each o th e r more than they d id  e i th e r  o f th e i r  p aren ts .
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Fig, 4 ,2 . Behaviour a c t  sco res fo r  s ib l in g  in te ra c tio n s .
 , f a th e r  absen t; . . . . . . ,  fa th e r  p resen t.
(a) snout nosing, (b) neck nosing, (c) v en te r- 
to -v e n te r  in te ra c t io n s ,  (d) forepaw -clasping, 
(e ) head-shaking, ( f )  jumping.
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Figure 4 .4 . Body nosing scores fo r  parent-young in te ra c t io n s .  
--------- , p a r e n t ;  , young.
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The e f fe c ts  o f cohab ita tion  by the fa th e r  on s o c ia l 'behaviour o f  
th e  fam ily u n it  C ohabitation by th e  fa th e r  re su lte d  in  the  mother 
spending s l ig h t ly  le s s  time in  con tact with th e  young than in  h is  
absence ( 2 - ta i le d  P 0.002 by the Wilcoxon matched p a irs  t e s t ,  
comparing mean con tac t tim e fo r  th e  f iv e  l i t t e r s  in  each condition  
fo r  each p o s t-n a ta l  day 1-46). Huddling by the young over the  
mother was observed in  the fa th e r-a b se n t, but no t the fa th e r-p re se n t 
condition .
L i t t e r s  rea red  in  th e  f a th e r 's  presence engaged in  le s s  
body nosing amongst them selves (F ig. 4 .2 )  and w ith th e i r  mother 
(F ig . 4 .4 ) than in  the  fa th e r-a b se n t condition  (P<^ 0.002 in  both 
cases by th e  Sign t e s t ,  comparing mean nosing scores fo r  the  f iv e  
l i t t e r s  in  each condition  fo r  each p o s t-n a ta l day 1-46).
Since the average l i t t e r  s iz e  o f l i t t e r s  reared  in  the  
f a th e r 's  absence was sm aller than th a t  o f th e  l i t t e r s  rea red  in  
h is  p re sa ice , the  p o s s ib i l i ty  of l i t t e r  s iz e  a f fe c t in g  the 
per-anim al nosing scores was in v e s tig a te d . The per-aniraal nosing 
scores fo r  l i t te rm a te  in te ra c t io n s  were compared between days 36 and 
46 in  two l i t t e r s  (#8 and #13) w ith th re e  young in  each, and two l i t t e r s  
(#7 and #15) with seven and e ig h t young re sp e c tiv e ly . A ll fo u r l i t t e r s  
were reared  in  the  f a th e r 's  absence. A K ruskal-W allis a n a ly s is  of variance 
in d ica ted  no d iffe ren ce  (P = 0 .2 -0 .3 ) between th e  scores fo r  th e  two 
s e ts  of l i t t e r s .  The l i t t e r s  ra ise d  in  the two cond itions ( fa th e r -  
p resen t and fa th e r-a b se n t)  a lso  had d i f f e r e n t  mean sex r a t io s .
However, th i s  d iffe ren ce  i s  un lik e ly  to  have co n trib u ted  to  the  
h igher scores in  the fa th e r-a b se n t l i t t e r s ,  s ince  th e re
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were p ro p o rtio n a te ly  fewer males in  th i s  group, and males 
a re  thought to  he the more s o c ia lly  a c tiv e  sex in  Octodon degus 
(Kleiman, 1974; 1975).
When the d if f e r e n t  components o f s ib lin g  in te ra c tio n  
were considered, the young reared  in  the f a th e r 's  presence 
engaged in  fewer snout and neck nosing con tacts ( 2 -ta i l e d  P A 0.02 
by the Sign t e s t  in  both cases) and d id  le s s  forepaw c lasp ing  
(P 0.05  by the Sign t e s t )  than d id  the young in  the 
fa th e r-a b se n t cond ition . However, the mean frequencies o f 
in te ra c tio n s  in  the  v en te r-to -v e n te r  p o s itio n , head-shaking and 
jumping d id  no t d i f f e r  in  the f a th e r 's  presence and absence 
(F ig . 4 .^ ) .
Young reared  in  the f a th e r 's  absence received  c o n s is te n tly  
h igher mean scores fo r  body nosing o f o th er s ib lin g s  and the 
mother than d id  young reared  in  the  f a th e r 's  presence fo r  body 
nosing o f a l l  fam ily members (P ^  0.00 2 by the Sign t e s t  fo r  
days 1-46, averaging 3^% h igher between days 22 and 46). The 
lower body nosing scores fo r  s ib lin g  and mother-young in te ra c tio n  
in  the fa th e r-p re se n t condition a re  not th e re fo re  a mere 
consequence o f some of the ju v e n ile s ' a t te n t io n  being d iv e rte d  
from each o th e r and th e i r  mother to  ano ther a d u lt;  they a c tu a lly  
did  le s s  nosing in  t o ta l .
The c o rre la tio n  between juven ile  body nosing scores 
and the amount of time young were no t in  co n tac t with a paren t 
was p o s itiv e  and s ig n if ic a n t  fo r  l i t t e r s  rea red  in  the f a th e r 's  
absence ( p a r t ia l  c o rre la tio n  c o e f f ic ie n t  w ith the  e f fe c t  o f age 
elim inated  = O.56 , P ^  0 .0 5 ), but n o t fo r  those reared  in  h is  
presence ( r  = 0.22, P > 0 .2 0 ) .  The unpred ic tab le  r a te  o f  body
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nosing among s ib lin g s  during  a c t iv i ty  periods in  the fa th e r-p re se n t 
condition  suggests a d i r e c t  e f fe c t  of the  f a th e r  on ju v en ile  
s o c ia l  in te ra c tio n . Indeed, a l l  fo u r Octodon fa th e rs  sometimes 
caused the sep ara tio n  o f young engaged in  vigorous s o c ia l 
in te ra c tio n  by squealing  a t  them (38 occasions) and by pushing 
the young a p a r t (23 occasions). The fa th e r  o ccasio n ally  sn if fe d , 
groomed o r forepaw *'clasped the  young he separa ted . F ifty -o n e  of 
6 l cases o f ju v en ile  sep ara tio n  occurred a f t e r  the fo u rth  week 
of age. These in te rru p tio n s  apparen tly  in h ib ite d  ju v en ile  
a c t iv i ty  only b r ie f ly ,  th e  young usu a lly  resuming in te ra c tio n  
as soon as  the  fa th e r  turned away.
F athers groomed young about twice a s  o ften  as  d id  the 
mothers (685 p a te rn a l versus 30? m aternal in s tan ces  of grooming 
in  the fa th e r-p re se n t co n d itio n ). Young would s o l i c i t  grooming 
from th e  fa th e r  (and mother) by pushing under h is  chin and tapping 
h is  head w ith a forepaw, but they  rec ip ro ca ted  the grooming only 
about h a lf  o f the time (340 in stan ces  of grooming of the fa th e r  
by the young). From the end of the th ird  week o f age, the  fa th e r  
sometimes pursued and forepaw -clasped the young, always while 
em itting  the non-aggressive 'g u rg lin g ' v o c a lisa tio n  (Reynolds and 
Wright, 1979). The young occasionally  p ro te s ted  by s tru g g lin g  or 
squealing , but u su a lly  moved forwards with th e  fa th e r  s t i l l  
mounted. Forepaw c lasp ing  by the  fa th e r  o ften  ended with p e lv ic  
th ru s tin g  followed by dismounting and p en ile  grooming. There were 
a t o ta l  of 167 in s tan ces  o f p a te rn a l forepaw -clasping, but only f iv e  
o f forepaw -clasping by the mother in  the fa th e r-p re se n t cond ition .
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(2) O bservations o f l i t t e r s  removed from th e i r  paren ts  and home 
en c lo su re .
When placed in  the u n fam ilia r enclosure, an in fa n t no t in  
con tac t with a s ib lin g  would em it an 'i s o la t io n ' c a l l ,  a  p ie rc in g  
squeal c h a ra c te r is t ic  o f sev e ra l caviomorph species when in fa n ts  
a re  separated  from th e i r  paren ts  (Eisenberg, 1974; Reynolds and 
W r i^ t ,  1979). Squealing young moved around u n t i l  they encountered 
one o r more l i t te rm a te s  (Fig. 4 . ^ ) .  Upon meeting they would em it 
the ' g u rg le ' o r  louder 'w h is t le ' v o c a lisa tio n  (Eisenberg, 1974;
Reynolds and Wright, 1979) and push in to  s id e - to -s id e  co n tac t (F ig. 4 .5^)
As the young grew o ld e r, they moved a c tiv e ly  around the 
enclosure and in te ra c te d  w ith each o th e r before congregating 
in to  a huddle. The age a t  which a l i t t e r  remained a c tiv e  w ithout 
em itting  the is o la t io n  c a l l  fo r  th e  e n t ire  10-min observation  
period r a n ^ d  from e ig h t to  17 days, according- to  the l i t t e r .
In te ra c tio n  i n i t i a l l y  consis ted  of b r ie f  nosing co n tac ts  
d ire c te d  a t  the snout, neck and rump reg io n s  (F ig. 4 .5  c ,d  and e ) .
From the second week of age, u rin e  marking occurred in  the 
depressed-rump posture c h a ra c te r is t ic  o f Octodon (Kleiman, 1975); 
sandbathing a lso  occurred from th is  age (see Wilson and Kleiman,
1974, and Eisenberg, I 967 fo r  d e sc rip tio n  of sandbathing behaviour). 
Towards the  end of the second week o f age, young sometimes made 
forepaw con tac t w ith a companion's back or rump while nosing the 
neck or rump re sp e c tiv e ly  (F ig. 4.5f*)* From the th ird  week o f age, 
tru e  fo repaw -clasp ing of the companion's back o r rump occurred 
(F ig. 4 .5 g ), e sp e c ia lly  towards the end o f a 10-min observation
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Figure 4 .^ . Behaviour o f in fa n t degus in  un fam ilia r enclosure.
(a) mutual approadi (1 st week), (b) huddle (1 s t 
week), (c) snout nosing (2nd week), (d) neck nosing 
(2nd week), (e) rump nosing (2nd week), ( f )  nosing 
with forepaw con tac t (2nd week), (g) contagious 
forepaw -clasping (3rd  week). Drawn from photographs.
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period . I t  was sometimes tr ig g e red  by one or more in fa n ts  em ittin g  
the  is o la t io n  c a l l  which r e s u l t s  in  o th e rs  approaching, and a 
l i t te rm a te  group c ir c l in g  and nosing one ano ther while squealing .
More young sometimes approached the i n i t i a l  forepaw -clasping 
dyad, and jo ined  on the  end, forming a ' t r a i n '  (F ig. 4 .5 g ).
The number o f nosing con tac ts  to  the snout, neck and 
rump reg ions were 'counted on each day o f observation  fo r  a l l  f iv e  
l i t t e r s .  The mean per-young number o f neck nosing con tac ts  ranged 
from le s s  than two per observation  on d2 to  10 on d21, whereas 
snout and rump nosing con tac ts  ranged from le s s  than one per 
observation  on d2 to  a maximum o f fo u r; the Mann-Whitney U t e s t  
on d a ily  counts fo r  each l i t t e r  o f per-young nosing con tac ts  
in d ica ted  th a t  neck nosing exceeded nosing o f the snout and rump 
during the  second and th i rd  week of age (2 - ta i le d  P < 0.002  fo r  both neck 
vs. snout nosing and neck vs. rump nosing). The Mann-Whitney U t e s t  
a lso  in d ica ted  th a t  the frequencies  fo r  nosing a l l  th re e  body 
reg ions were g re a te r  during the second than the  f i r s t  week o f age 
( p <  0.002 in  each case); frequencies  fo r  neck and snout nosing 
were a lso  g rea te r  in  th e  th i rd  week than the second week o f age 
(P ^ 0 .0 2  in  each case), but rump nosing d id  n o t in c rease .
(3) Observations o f s ib lin g  dyads removed from th e i r  paren ts  
and home enclosu re .
The behaviour o f  s ib lin g  dyads aged two to  seven weeks 
was s im ila r  to  th a t  o f whole l i t t e r  groups; however, no p rog ressive  
in crease  w ith age in  body nosing frequencies  was d e tec ted  during
105
th is  period . Neck nosing accounted fo r  5 ^  o f a l l  nosing co n tac ts , 
snout nosing fo r  17% and rump nosing fo r  2?^. A nogenital nosing, 
which had n o t been observed in  l i t t e r  groups up to  th re e  weeks o f 
age, accounted fo r  a t o t a l  o f  Z%, The number o f nosing con tacts 
to  the neck exceeded those to  the snout in  a l l  but two o f the 
36 encounters, and those to  the rump in  a l l  bu t f iv e  encounters. 
Forepaw-clasping accompanied by 'gurgling* was a prominent behaviour 
o f dyads (X = 12 per observation , range I - 6I )  and o f dyads 
(X = 12, range 3-23)» but occurred le s s  commonly with $? dyads 
(X = 3 »  range 0 -9 ). Between a male and a fem ale, the male would 
do most o f the forepaw -clasping. Of nosing con tac ts  no t 
accompanied by forepaw -clasping, and 4^ dyads performed 
alm ost equally  (X = 44.0 and 43.3  re sp e c tiv e ly , range 27-54 in  
both cases) and more than 9? dyads (X = 34.8, range 9-54, 2 - ta i le d  
P < .0 .0 5  by the Mann-Whitney U t e s t  fo r  both and d$-59
comparisons).
DISCUSSION
Contact between mother and young co n sis ted  of nursing , 
sq u a ttin g  and huddling, which decreased w ith in c reasin g  p o s t-n a ta l 
age, and body nosing which, conversely, increased  w ith p o s t-n a ta l 
age. Thus between mother and young th e re  appeared to  be a gradual 
changeover during ontogeny o f the re la tio n s h ip  from one of 
caregiving/dependence to  one o f mutual body sn if f in g , grooming 
and huddling. Such a post-weaning continuation  o f the mother-young
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r e la tio n s h ip  i s  considered to be a p o ssib le  b a s is  o f s o c ia l 
o rg an isa tio n  in  many g ro u p -liv in g  mammal species (Horwich, Dyke 
and Cogswell, 1977).
A ll fou r in d iv id u a l f a th e rs  were h igh ly  to le ra n t  and 
s o lic i to u s  o f th e i r  young; they nosed, groomed, squatted  over, 
and l a t e r  huddled on them. Father-young body nosing increased  w ith 
p o s t-n a ta l age, with the fa th e r  nosing the young on average more 
than the rev e rse . S ocia l grooming, p a r t ic u la r ly  by the  f a th e r ,  was 
a prominent fe a tu re  o f th e i r  in te ra c t io n s .  A ll these  behaviours 
by the  fa th e r  towards the  young would be included in  the category 
o f d ire c t  investm ent by the male p a re n t, defined  by Kleiman and 
Malcolm ( l9 8 l)  as  care o f the  young which has " . . . . a n  immediate 
physica l in fluence  on them which in c reases  's u rv iv o r s h ip '."  
N evertheless, the ways in  which the degu fa th e r  may b e n e f it  h is  
young a re  not immediately obvious from th is  study o f h is  p a te rn a l 
behaviour. Mothers a c tu a lly  spent le s s  time in  con tact w ith th e i r  
young in  the  f a th e r 's  presence than in  h is  absence. The r e s u l t s  
in d ic a te  th a t  the fa th e r  p a r t ic ip a te d  in  parent-young con tac t 
w ithout e f fe c tiv e ly  in c reasin g  i t .  This conclusion resem bles th a t  
reached by Tasse ( l9 8 l)  in  h e r study o f ano ther caviomorph, the 
rock cavy (Kerodon r u p e s t r i s ) ; although the f a th e r  p a r tic ip a te d  
e n th u s ia s tic a lly  in  huddling w ith the  young, the in fa n ts  a c tu a lly  
made poorer weight gain when the f a th e r  cohabited than they did 
in  h is  absence.
Thus some kind o f p a te rn a l ph y sica l in fluence on the young 
o th e r than promotion of p h y sica l development needs to  be suggeded.
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P ossib ly  through the  in ten se  father-young co n tac t and in te ra c t io n , 
which tended to  be dominated by the fa th e r ,  the fa th e r  may in crease  
h is  co n tro l o f the young, and gain sociosexual dominance over them. 
P a te rn a l forepaw -clasping in  degus resem bles ' sociosexual mounting* 
in  p rim ates, which i s  considered to  be " . . . a  b as ic  p a r t  o f a prim ate 
male’s re p e r to ire  th a t  gains him non-aggressive con tact w ith o th e r 
males and fe m a le s .." , and may include elements o f dominance and 
'reassurance* (Hanby, 1976). The r e s u l t s  in d ic a tin g  lower s ib lin g  
and mother-young body nosing scores in  th e  fa th e r-p re se n t cond ition , 
considered to g e th e r w ith observations o f  p a te rn a l huddling, grooming, 
forepaw -clasping and in te rru p tio n  o f s ib lin g  in te ra c t io n s ,  suggest 
th a t  the fa th e r  draws the ju v e n ile s ' a t te n tio n  away from each o th e r  
and th e i r  mother, and towards h im self.
The r e s u l ts  showed th a t ,  in  the context o f undisturbed 
fam ily groups, body nosing among s ib lin g s  increased  in  occurrence 
s te a d ily  from b ir th  a t  le a s t  u n t i l  the end o f observations on 
p o s t-n a ta l  day 46.
Forepaw-clasping by s ib lin g s  and in te ra c tio n s  in  the 
v e n te r-to -v e n te r  p o s itio n  sometimes accompanied body nosing: 
forepaw -clasping increased  in  frequency with age, but v e n te r- to -v e n te r  
in te ra c tio n s  d id  n o t. These types o f in te ra c tio n  involved some 
ph y sica l manoeuvering, such as  pushing with th e  forepaws a g a in s t 
the  p a r tn e r 's  shoulders in  the  m utual-upright p o s itio n , and one 
anim al ach ieving  a p h y s ica lly  su p erio r p o s itio n  w ith re sp e c t to  
the o th er during forepaw -clasping. Both kinds o f in te ra c tio n  may 
provide o p p o rtu n itie s  fo r  some p o la r is a tio n  o f in te r - in d iv id u a l
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re la tio n s h ip s , perhaps on a dom inant-subordinate a x is .
When s ib lin g  young were removed from th e ir  home enclosure 
and placed in  an u n fam ilia r one, they immediately began to  d isp lay  
contact-prom oting behaviour. However, the con tac t p a tte rn s  observed 
lacked some components h a b itu a lly  seen on the p a r t  o f  young in  
th e i r  home enclosure; s o c ia l grooming, v e n te r-to -v e n te r  in te ra c tio n s  
and lo co m o to r-ro ta tio n a l movements d id  no t occur in  th i s  con tex t.
On the  o th e r hand, forepaw -clasping was more prominent than in  the 
home enclosure. This appeared to  be a con tact behaviour and involved 
e i th e r  neck or rump nosing. F u rth er, neck nosing predominated over 
snout nosing in  the un fam ilia r enclosure , but no t in  the  home 
cage. Since the  odour o f th e  neck seems to  have a t t r a c t iv e  p ro p e rtie s  
(Wilson, 1973; Wilson and Kleiman, 1974; Happold, 1976a), i t  i s  
p o ssib le  th a t  the  prominence o f neck nosing i s  a response to  an 
a t t r a c t iv e  and fa m ilia r  stim ulus in  an otherw ise u n fam ilia r 
s i tu a t io n .
When s ib lin g  dyads were observed in  an u n fam ilia r enclosure, 
44 and ^9 dyads engaged in  more body nosing and forepaw -clasping 
than did 99 dyads. This suggests th a t  males may respond more a c tiv e ly  
to  d is ru p tio n  of o r  displacem ent from th e i r  s o c ia l  o r p h y s ica l 
environment.
E vidently  th e re  a re  d if f e re n t  modes o f contact-prom oting 
behaviour in  ju v en ile  degus, inc lud ing  r e p e t i t io u s  body nosing, 
forepaw -clasping, huddling, so c ia l grooming, v e n te r- to -v e n te r  
in te ra c tio n s  and lo co m o to r-ro ta tio n a l movements. The occurrence of 
these  behaviours may sometimes overlap , and hence some o f these
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behaviours have been c o lle c tiv e ly  termed 'play* (Wilson and Kleiman, 
1974; Reynolds and Wright, 1979). The behaviours may in  f a c t  be 
d i f f e r e n t ia l ly  tr ig g e re d , and should be c le a r ly  d is tin g u ish ed  
and in te rp re te d  in  r e la t io n  to  the anim als' ages and the s o c ia l and 
ph y sica l context of observation .
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CHAPTER FIVE
A COMPARISON BETWEEI^  TWO CAVIOMORPH RODENTS (OCTODON DEGUS 
AND OCTODONTOMYS GLIROIDES) OF JUVENILE SIBLING AND PARENT- 
YOUNG SOCIAL BEHAVIOUR.
I l l
FRONTESPIEGE
In te ra c tio n s  among young and o th e r fam ily members in  Octodon 
and Octodonomys
L eft: In te ra c tio n s  between Octodon in fa n ts  and o th er members o f
and extended fam ily  group, (a) in fa n t s tre tc h e s  up to  
make snout nosing co n tac t with fa th e r ;  (b) ju v en ile  from 
previous l i t t e r  in te ra c ts  w ith f a th e r ,  and in fa n t attem pts 
to  jo in  in ; (c) Juvenile  from previous l i t t e r  noses in f a n t 's  
rump; (d) N ose-to-snout con tac t between in fa n t and ju v en ile  
from previous l i t t e r ;  (e) v en te r-to -v en te r  in te ra c tio n  in  
the  mutua 1 - u p r i ^ t  p o s itio n  between in fa n t and ju v en ile  
from previous l i t t e r .
R ight: In te ra c tio n s  between Octodontomys l i t te rm a te s  and between
young and th e i r  mother]! (a) jumping by young on l e f t ,  and 
're lax ed  open mouth' by y>ung on r ig h t  (see a lso  Fagen, 1981);
(b) neck nosing; (c) young run around mother; (d) follow ing 
a nosing co n tac t one young w rithes (w ith ro ta t io n a l  movement) 
on the ground; (e) forepaw -clasping o f  young-to-mother . ' 
young-to-young; ( f )  v e n te r-to -v e n te r  in te ra c tio n  in  th e  
m utual-upright p o s itio n ; (g) v e n te r-to -v e n te r  in te ra c tio n  in  
the supine- uadrupedal p o s itio n  -  snout nosing; (h) venter -  
to  v en te r in te ra c tio n  in  th e  supine-quadrupedal p o s itio n  -  
neck nosing.
112
%
113
b:
k m : ;
I - f f  •fr.'r.f'in,ri
hrj*. v- t  ^
f .ÿ
114
. ABSTRACT
Undisturbed fam ily  groups c o n s is tin g  o f  a l i t t e r  and 
th e  mother o r both p aren ts  o f two caviomorph roden t spec ies  
(Octodon degus and Octodontomys g l i ro id e s ) in  c a p tiv ity  were 
observed d a ily  from th e  b i r th  o f the  l i t t e r  u n t i l  the  seventh 
week o f age. Only non-aggressive and non-sexual behaviours 
were observed during  th i s  period ; these  behaviours were compared 
in  the two sp ec ies ,
Octodon and Octodontomys were ch a rac te rised  from the 
l i t e r a tu r e  o f f i e ld  observations and from th e  records o f  the 
cap tive  colony a t  the  N ational Zoo a s  being re sp e c tiv e ly  
more and le s s  s o c ia lly  to le ra n t  and communal. The Zoo reco rd s 
in d ic a te  th a t  p o s t-n a ta l  weight gain i s  s l ig h t ly  slow er, and 
a d u lt  weight lower, in  Octodontomys than in  Octodon. Octodon 
undergo a change in  temperament and pelage moult in  th e  th i rd  
month o f age, whereas Octodontomys do n o t, and r e ta in  a  r e la t iv e ly  
ju v en ile  appearance in to  adulthood. The Octodontomys t a i l ,  
however, develops a more prominent brush o f h a ir s  than in  Octodon, 
The behavioural observations in d ica ted  th a t  Octodontomys 
in fa n ts  were g en era lly  s l ig h t ly  more precocious than Octodon 
in  the neonatal period , but th e re a f te r  were s l ig h t ly  slower to  
develop c e r ta in  p a tte rn s  o f s o c ia l  behaviour c h a ra c te r is t ic  o f  
ju v en ile s  o f both sp ec ies , Octodon g en era lly  engaged in  more
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h u l l i n g ,  allogroom ing, and forepaw -clasping than Octodontomys, 
and the Octodon fa th e r  ex erc ised  s o c ia l  dominance over the  young, 
which appeared n o t to  occur in  Octodontomys. Octodontomys 
engaged in  more t a i l  nosing, n ib b lin g  and p u llin g , more 
lo co m o to r-ro ta tio n a l movements, and more p a re n ta l p a r t ic ip a tio n  
in  lo co m o to r-ro ta tio n a l movements and v en te r-to -v en te r 'play* 
than occurred in  Octodon.
These d iffe re n c e s  between th e  sp ec ies  a re  in te rp re te d  
with reference  to  the d if f e re n t  l i f e  h is to r ie s  o f  th e  s o c ia lly  
to le ra n t  Octodon and th e  le s s  to le ra n t  Octodontomys. However, 
th e  study concluded th a t  th e re  seemed to  be no simple r e la t io n  
in  th ese  two caviomorph species between th e  degree o f 
s o c ia l  to le ra n ce  and the  o v e ra ll  amount o f non-aggressive 
s o c ia l  in te ra c tio n  among s ib lin g s  and between peurents and 
young.
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INTRODUCTION
-t
In Chapter 4 the ju v en ile  s o c ia l  development o f the  caviomorph 
rodent Octodon degus in  c a p tiv ity  was described  in  some d e ta i l .  The 
aim o f the p resen t chap ter i s  to  compare the occurrence o f those 
s o c ia l behaviour p a tte rn s  o f  degu young and th e i r  p aren ts  a lread y  
described  with those o f ano ther Octodontid sp ec ies , Octodontomys 
g liro id e s . This comparison was believed  to  be o f in te r e s t  because 
these  two species  e x h ib it c o n tra s tin g  l i f e s ty le s ,  Octodon being 
more communal, contact-prone and s o c ia lly  to le ra n t  than Octodontomys 
(see below). This comparison th e re fo re  p a r a l le ls ,  in  some re sp e c ts , 
the comparison o f the so c ia lly  to le ra n t  p r a i r ie  vole (M icrotus o ch ro g aste r) 
w ith the le s s  to le ra n t  meadow vole (M. pennsylvanicus) d iscussed  
in  Chapters 2 and 3»
F re e -liv in g  Octodon liv e  in  populous co lon ies which a re  
d iv ided  in to  d is c re te  communities (Fulk, 1976), whereas Octodontomys 
a re  sp arse ly  d is tr ib u te d  in  n a tu re  (M. Shamberger, personal 
communication) and a re  probably sem i-so lita ry  in  s o c ia l h a b it .
Octodon i s  a common sm all mammal o f c e n tra l  C hile, occurring in  
low -lying g rasslands in  which anim als use g rass  runways and s h e lte r  in  
underground burrows. Octodontomys occurs a t  h igher a l t i tu d e s  in  th e  
montane reg ions o f Chile and B o liv ia , and i t s  p re fe rre d  h a b ita t  
inc ludes shrubs and rocky c rev ices in  which th e  anim als probably 
s h e l te r  (Walker, 1975).
The r e p e r to ire  of v is ib le  behaviour a c ts  o f  young and th e i r  
p aren ts  i s  s im ila r  in  both species (Wilson and Kleiman, 1974). This
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re p e r to ir e  includes exchanges o f body nosing co n tac ts , n ib b lin g  
grooming movements, physica l moanoeuvering in  m utual-uprigh t, 
supine-quadrupedal o r  forepaw -clasping p o s itio n s , and bouts of 
leap ing , running and head-shaking (lo co m o to r-ro ta tio n a l movements). 
The s u p e r f ic ia l  appearance o f s o c ia l  in te ra c tio n s  among fam ily 
members in  c a p tiv ity  d i f f e r s  in  the two species  in  th a t  (a) Octodon 
fam ily  members tend to huddle over one ano ther when re s t in g ,  whereas 
Octodontomys r a re ly  huddle over one ano ther, although they usually  
sleep  s id e  by s id e , (b) Octodontomys young tend to  move more ra p id ly  
and en e rg e tic a lly  than Octodon during s o c ia l  in te ra c t io n s ,  which 
CTfteh b u ild  up to  a f a s te r  tempo than in  Octodon, and (c) Octodon 
tend to  be more vocal than Octodontomys during  non-aggressive 
in te ra c tio n s  (Wilson and Kleiman, 19?4; Reynolds and W right, 1979).
In th is  chapter a q u a n tita tiv e  comparison o f ju v en ile  
and parent-young s o c ia l  behaviour c h a ra c te r is t ic s  observed in  
c a p tiv ity  w il l  be presen ted . This w i l l  be preceded by a b r ie f  
d e sc rip tio n  o f species  d iffe ren ce s  in  ph y sica l appearance and 
development. Subsequently, d iffe re n c es  between the sp ec ies  in  the 
occurrence of d i f f e r e n t  behaviour p a tte rn s  w il l  be d iscussed  in  terms 
o f the sp ec ie s ' d if f e r in g  physica l appearance and development, and 
so c ia l s tru c tu re  in  n a tu re , but th e i r  c lose  jh y le t ic  re la t io n s h ip  
a s  O ctodontids.
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ANIMALS
O rigin and maintenance The Octodon colony a t  the N ational 
Zoological Park was derived  from four a d u lts  received  in  1971 
from a colony in i t i a t e d  in  1964 a t  the Massach u sse tts  I n s t i tu te  
of Technology. The Octodontomys colony was derived  from th ree  
f ie ld -c a u g h t anim als rece ived  in  1972. The young of both species 
to g e th er with th e i r  l i t te rm a te s  and one o r both paren ts  inh ab ited  
spacious cages (lOO x 60 x 50 cm) during th i s  study. Pine shavings 
covered the f lo o rs ,  and each cage contained a n e s t box, a wooden 
block, a wooden platform  and a sand tra y . Dry food and f re sh  
vegetab les and f r u i t  were fed  d a ily , and w ater was always 
a v a ila b le . The p lace and cond itions o f c a p tiv ity  were a s  
described  fo r  Octodon in  Chapter 4.
Reproduction and physica l development The Octodon in  the  colony 
bred re a d ily , bu t the  long-term  breeding success fo r  Octodontomys 
was poorer. Although more d o c ile  than Octodon when handled, 
Octodontomys appeared more ’f r a g i l e ’ than Octodon, and 
occasionally  ex h ib ited  signs of s tr e s s  when confined w ith o ther 
co nspecifics . Octodontomys had a longer g e s ta tio n  (I05d) and 
sm aller l i t t e r  s iz e  (av. two young) than Octodon (87d and 
fiv e  young). Octodontomys young a t  b ir th  were la rg e r  (av. 20g) 
than were Octodon neonates (av. l4 g ), but Octodon weighed more 
a f t e r  the  f i r s t  week o f age. Adult w eights a re  around 200g 
and 190g fo r  Octodon and Octodontomys re sp e c tiv e ly  (Kleiman 
e t  a l . , 1980).
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F igure 5 .1
P hysical c h a ra c te r is t ic s  during development o f Octodontomys 
( l e f t )  and Octodon ( r ig h t ) .  (A) n eonata l, (B) one month, 
and (C) two months (Octodontomys) and th re e  months (Octodon). 
Photographs by E. M aliniak.
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Both species  were bom w ith th e ir  eyes open and a dark 
neonata l pelage (F ig, 5 .1a) which y ie lded  during the  f i r s t  week 
to  the  gradual growth o f a s o f t  ju v en ile  fu r ,  which was pale 
brown in  Octodon and grey in  Octodontomys, In Octodon, the s o f t  
ju v en ile  fu r  was g radually  rep laced  during the  th i rd  month o f age 
by a more g lossy , b r i s t ly  coat; th i s  coincided w ith a change 
in  temperament, the young becoming more d i f f i c u l t  to  handle.
The Octodontomys ju v en ile  fu r  (Fig. 5 .1  b, c) was re ta in e d  in to  
adulthood, and no change in  temperament was noted. The rounded 
siout o f ju v en ile s  o f both spec ies  was re ta in e d  in to  adulthood 
by Octodontomys, but acquired  a more poin ted  appearance by the 
thiird month o f  age in  Octodon (Fig. 5 .^ ^ ) . Octodontomys g radually  
developed a f u l l e r  brush o f h a ir s  a t  the t i p  o f the t a i l  than 
did Octodon (Fig. 5*1 b, c ).
METHODS
The s o c ia l behaviour o f young w ith th e i r  p aren ts  in  th e i r  
home cage was recorded d a ily , in  observation  u n its  o f 15 min, from 
b ir th  through the seventh week o f age. The only d iffe ren ce  in  
observation  method fo r  the two species was due to  th e i r  n a tu ra l 
d iffe ren ce  in  c ircad ian  rhythm, Octodon being p rim arily  d iu rn a l, 
a l te rn a t in g  b u rs ts  o f  a c t iv i ty  with r e s t  periods, and Octodontomys 
being s t r i c t l y  no c tu rn a l, w ith a peak a c t iv i ty  period  immediately 
a f te r  the onset of darkness. Octodon were th e re fo re  observed 
during  the daytime, fo r  two d a ily  15-min periods separated  by a t
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l e a s t  2-|h (as described  in  Chapter 4 ) , while Octodontomys were 
observed by red  bulb illu m in a tio n  fo r  one o r more 15-min bouts
-fc
during  the f i r s t  hour o f darkness. Ten l i t t e r s  of Octodon and 
fo u r o f Octodontomys were thus observed (Table 5.1)« The iO 
Octodon l i t t e r s  were th e  same a s  those o f which the  behaviour 
was d iscussed  in  Chapter 4; hence the fa th e r  was p resen t in  
f iv e  o f the  fa m ilie s , and absen t in  th e  o th e r f iv e .  For two of 
the  Octodontomys fa m ilie s  the f a th e r  was p re sen t, and f o r  the 
o th e r two he was ab sen t.
Five o f the  Octodon and th re e  of the  Octodontomys l i t t e r s  
were observed a t  the  N ational Zoo, and the  rem ainder in  the  basement 
o f th e  au th o r’s home (see Chapter 4 ) , Octodon observations 
to ta l le d  211.25h, and Octodontomys 83. 5h, th a t  time being 
f a i r l y  evenly d is tr ib u te d  over the  seven-week observation  period  
(F ig. 5 . 2 ) . F ig , 5 .2  in d ic a te s  the range o f body nosing scores per 15 min fo r  
Octodontomys compared w ith th e  mean scores p er 15 min fo r  Octodon (see a lso  
Chapter 4 ) . The Octodontomys scores a re  presen ted  sep a ra te ly  fo r  
each l i t t e r  because o f the sm all number o f  l i t t e r s  and considerab le  
i n t e r - l i t t e r  v a r ia t io n . No g eneral e f fe c t  o f the f a th e r ’s  presence 
on th e  amount o f l i t te rm a te  in te ra c tio n s  comparable to  th a t  found 
f o r  Octodon (see Chapter 4) was suggested by th ese  d a ta . For th e  
purpose o f  th i s  chap ter, data  from a l l  l i t t e r s ,  re g a rd le ss  o f 
the presence o r absence o f th e  fa th e r ,  a re  pooled when l i t te rm a te  
o r mother-young in te ra c tio n s  are under co n sid e ra tio n . For f a th e r -  
young in te ra c t io n s ,  only data  from fiv e  Octodon and two Octodontomys 
l i t t e r s  a re  used.
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Table 5.1» Number o f fa m ilie s  and in d iv id u a l paren ts  observed.
Octodon Octodontomys
No, fa m ilie s  observed 
in  f a th e r 's  absence
No. d if f e re n t  mothers
involved 5 2
No. fa m ilie s  observed
in  f a th e r 's  presence 5 2
No. d i f f e r e n t  mothers
involved 5 2
No. d if f e r e n t  fa th e rs
involved 4 2
No. in d iv id u a l mothers 
observed both in  f a th e r 's
absence and presence 4 0
Mean l i t t e r  s iz e  a t  p a r tu r i t io n  5*6 3*0
(standard  d ev ia tio n ) (1 .7 ) (1 .2 )
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A fu r th e r  th ree  l i t t e r s  o f Octodon and two o f Octodontomys 
were observed from b ir th  th r o u ^  th e  fo u rth  week o f age ( a t  th e  
N ational Zoo) in  order to  in c rease  the  number o f  l i t t e r s  fo r  
which the  f i r s t  appearance in  ontogeny o f  ju v en ile  behaviour 
p a tte rn s  was recorded.
Notes on the  behaviour o f both sp ec ies  were handw ritten , 
using  a behaviour code. Nosing co n tac ts  by a l l  fam ily members were 
recorded, no ting  whether the  nosing and nosed anim al in  each 
case was mother, f a th e r  o r young, and which o f the fo llow ing 
body ta rg e t  reg ions were nosed: snout, neck, rump, an o g en ita l 
area  and t a i l .  O ther body reg ions were in freq u en tly  nosed and 
have been excluded from th i s  a n a ly s is . Most body nosing co n tac ts  
were b r ie f  ( i . e .  le s s  than two sec) and rece ived  a  body nosing 
score o f one. The nosing score was ad ju sted  in  the  case o f 
longer con tac ts ; those la s t in g  two sec o r  longer rece ived  a score 
o f two. Allogrooming, in  which an animal n ibb led  and lick ed  
a n o th e r 's  fu r ,  was ^ Iso  scored a s  two. However, prolonged unbroken 
bouts o f allogroom ing received  a  maximum nosing score o f  fou r 
(see a lso  Chapters 3 and 4 ) . The occurrence o f  se le c te d  behaviour 
p a tte rn s  (allogroom ing, in te ra c tio n  in  the  v e n te r-to -v e n te r  
p o s itio n , forepaw -clasping, nosing in  'unstereo typed  p o s i t io n s '— 
i . e .  none of the  foregoing co n tex ts—and lo co m o to r-ro ta tio n a l 
movements, inc lud ing  jumping, e r r a t i c  running  and head-shaking) 
was measured by an anim al (mother, f a th e r  o r young) rece iv in g  a
behaviour a c t  score o f one fo r  a s in g le  performance o f a behaviour 
p a tte rn , reg a rd le ss  o f  d u ra tio n . Thus the da ta  fo r  Octodon a re  
id e n t ic a l  to  those analysed in  Chapter 4, although they  have been 
r e c a s t  fo r  th e  p resen t a n a ly s is . The data  fo r  Octodontomys match those  
fo r  Octodon a s  c lo se ly  a s  p o ss ib le .
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F i r s t  appearance In ontogeny o f  s o c ia l  behaviour p a tte rn s  The 
age a t  which d if f e r e n t  components o f  ju v en ile  behaviour were f i r s t  
performed by a t  le a s t  one in fa n t o f  each l i t t e r  during observation  
periods was noted (Tàble 5 .2 ) .  The o rder o f appearance was 
c o n s is te n t among the  d if f e r e n t  l i t t e r s  o f  each species (K en d all's  
c o e f f ic ie n t  o f concordance, W = 0.69 fo r  Octodon and 0.75 fo r  
Octodontomys, P<C 0.001 in  each case), and the ord^* o f appearance 
in  ontogeny was the  same fo r  both sp ec ies.
Octodontomys in fa n ts  in  th e  f i r s t  week o f age were 
i n i t i a l l y  s l i ^ t l y  more precocious than Octodon in  th a t  they 
were f i r s t  seen to  leave the n e s t about one day e a r l i e r  than 
Octodon, and to  engage in  neck nosing, snout nosing and jumping 
one to  two days e a r l i e r  (Table 5 .2 ) .  This r e la t iv e  behavioural 
p reco c ity  of Octodontomys c o r re la te s  w ith t h e i r  longer g e s ta tio n  
and h eav ie r b i r th  weight than Octodon (see ANIMALS s e c tio n ) . The 
nex t behaviours to  appear in  ontogeny (head-shaking and in te ra c tio n s  
in  th e  v e n te r- to -v e n te r  p o s itio n )  were f i r s t  seen a t  the  same 
age in  both sp ec ies . This tim ing co incides w ith  Octodon overtak ing  
Octodontomys in  weight gain . T a il  nosing occurred a t  th i s  age, 
but was only seen in  Octodontomys. Forepaw -clasping was the  l a s t  
behaviour to  appear in  both sp ec ies , and i t  was f i r s t  seen 
s ig n if ic a n t ly  l a t e r  in  Octodontomys than in  Octodon (Table 5 .2 ) .
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Data d is t r ib u t io n  F ig . 5 .2  in d ic a te s  th a t  the occurrence o f body nosing 
among s ib lin g s  increased  from b ir th  in  both sp ec ies. In Octodon th is  
in c rease  was found to  have a l in e a r  r e la t io n  with in c reas in g  age 
o f the  young th ro u ^ o u t th e  f i r s t  46 p o s t-n a ta l days (Chapter 4 ) .  
Examination o f F ig. 5 .2  fo r  Octodontomys suggests th a t  body nosing 
among s ib lin g s  d id  not continue to  in crease  with age p as t the fo u rth  
p o s t-n a ta l  week in  th re e  o f the fo u r l i t t e r s  observed.
F ig. 5 .^  in d ic a te s  th a t  o v e ra ll  the young o f the two species 
d isp layed  s im ila r  amounts o f  body nosing during  observation  periods.
In more th a t  50% o f observations of. both spec ies  w ith young aged 
between 0 and 15 days there was no a c tiv e  s o c ia l in te ra c tio n  recorded 
(th e  emimals were r e s t in g  o r  n u rs in g ). This percen t o f  observations 
o f to t a l  in a c t iv i ty  decreased a s  the young grew o ld e r, whereas the 
percentage o f observation  periods w ith per young nosing sco res in  
th e  h igher score ranges tended to  in c rease . A g re a te r  tendency o f 
y>ung to  in te r a c t  with th e i r  p aren ts  in  Octodontomys than in  Octodon 
became ev iden t a f t e r  30 days of age (F ig. 5*2) •
Because o f the spec ies  d iffe re n c e s  in  a c t iv i ty  rhythm 
(see ANIMALS se c tio n ) , a d i r e c t  comparison o f body nosing scores 
per u n it  time fo r  each ta rg e t  reg ion  and behaviour a c t  sco res  
per u n it  time fo r  each behaviour p a tte rn  would not be m eaningful.
In stead , the  r e la t iv e  p roportions w ith >hich d if f e re n t  body reg ions 
were nosed, and with which d i f f e r e n t  behaviour p a tte rn s  occurred, a re  
compared. In th i s  way a p ic tu re  may be obtained o f the  manner in  which 
two r e la te d  spec ies  with d if fe r in g  l i f e s ty le s  combine the  same 
behavioural elements in  d if f e r e n t  p ro p o rtio n s  to  produce two d i f f e r e n t  
mosaics c h a ra c te r is t ic  o f each spec ies.
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Figure 5 .2
Ontogeny o f body nosing scores fo r  l i t te rm a te  in te ra c tio n s
f o r  10 l i t t e r s  o f Octodon and fou r o f Octodontomys.
---------  f a th e r  ab sen t; ------------  f a th e r  p resen t.
The o rd in a te  g ives m%n body nosing scores/young in  
l i t t e r /15  min fo r  each 3-day period  fo r  Octodon 
and each 6-day period f o r  Octodontomys.
n = no. 15 min observation  periods.
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Figure 5 , ^
D is tr ib u tio n  o f body nosing scores f o r  15-min observation  
periods o f fam ily groups, s = score; shaded blocks = Octodon; 
unshaded = Octodontomys. No o b s .: Octodon -  286, 279 and 280 
fo r  days 1-15, 16-30 and 31-46 re sp ec tiv e ly ; Octodontomys - 
121, 106 and 107 re sp e c tiv e ly  fo r  the  same ages. O rdinate 
in d ic a te s  % o f observation  periods y ie ld in g  nosing scores in  
each score range in d ica ted .
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Species comparison o f behaviour re p e r to ire  Since th e  d a ta  fo r  
e a c h l a s s  o f in te ra c ta n ts  ( l i t te rm a te ,  mother-to-young, e t c . ) 
have been pooled f o r  a l l  ages and a l l  l i t t e r  groups, c ro ss - ta b u la tio n  
o f  the data  was undertaken in  o rder to  explore ways in  which the  
g en era l p ic tu re  presented  fo r  each species  (F igs. and 5«^) 
m i ^ t  be fu r th e r  q u a lif ie d  by knowledge o f the  range o f  p roportions 
o f nosing of th e  d i f f e r e n t  body reg ions and o f the d i f f e r e n t  
behaviour p a tte rn s  according to  l i t t e r ,  and any obvious 
dev ia tio n s  from th i s  general p ic tu re  by the  th ree  d i f f e r e n t  age 
groups.
For both species the g re a te s t  amount o f nosing was d ire c ted  
towards th e  a n te r io r  end of the body, i . e .  the snout and neck 
reg ions. The suiogenital region was nosed very l i t t l e  (F ig . 5»4').
There were some d iffe ren ce s  between the  species concerning the  
% snout nosing of the  t o t a l  nosing sco res. The % snout nosing was 
gen era lly  g rea te r  in  Octodon than in  Octodontomys (F ig. 5»4:)»
Amongst l i t te rm a te s  the  % snout nosing ranged in  d if f e r e n t  l i t t e r s  
from 49 . 5% to  65 .5% in  Octodon compared with 3 9 . to 52.8!^ in  
Octodontomys (U = 2, 2 -ta i le d  P < 0 .0 2 ,  Mann-Whitney U t e s t ) .
For young nosing the  mother, the  % snout nosing ranged in  d i f f e r e n t  
l i t t e r s  from 2?.5^ to  61,1% in  Octodon and 13. 6^  to  28.8^ in  
Octodontomys (U = 1, P <  0 .0 2 ), bu t fo r  young nosing the fa th e r  
the sp ec ies  d id  not d i f f e r  (Ogtodon range 23.6^ to  S'^,1%,
Octodontomys l i t t e r s  23.6^ and 4 9 .8|^; U = 2, P = 0 .3 8 ). For 
n e ith e r  motherto-young nor fa th er-to -y o u n g  nosing d id  the  species  
d i f f e r  (mothersto-young Octodon range in  d if f e re n t  l i t t e r s  was J6,l%  
to  75. 8^» Octodontomys range 40.0^ to  46 .9^, U = 10, P = 0.10;
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Fig. 5.4;
The p roportions w ith which each o f f iv e  body reg ions were nosed 
in  Octodon and Octodontomys.
The f iv e  body reg ions shaded in  the  f ig u re  are  re fe r re d  to  in  
the te x t  a s  snout, neck, rump, an o g en ita l and t a i l .  The unshaded 
body area  in  the f ig u re  i s  the a rea  which was seldom the ta rg e t  
of nosing con tac ts . Occasional nosing of th is  area was excluded 
from the t o t a l  nosing scores (n) given in  the f ig u re , 
n = t o t a l  body nosing score, pooled from a l l  observations of a l l  
l i t t e r s ,  fo r  each c la s s  of in te ra c ta n ts .
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Fig. 5.5
The p rop ortion s w ith  which each o f  four typ es o f  behaviour 
occurred in  Octodon and Octodontomys.
The fou r behaviour p a ttern s  considered  here are a llogroom ing , 
v e n te r -to -v e n te r  in te r a c t io n s ,  forepaw c la sp in g , and body n osin g  
in  n on -stereo typ ed  p o s it io n s .  The b lock s g iv e  the % co n tr ib u tio n , 
in  terms o f  behaviour a c t  s c o r e s , o f  each behaviour p attern  to  
the t o t a l  (n) .
n = the t o t a l  behaviour a c t  score fo r  th ese  four behaviour p a ttern s  
pooled  from a l l  o b serv a tio n s o f  a l l  l i t t e r s ,  fo r  each c la s s  o f  
in te r a c ta n ts .
Shaded b lock s = Octodon; unshaded b lock s = Octodontomys.
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fa ther-to -young  Octodon range 30.4^ to  50.6^, Octodontomys l i t t e r s  
33,6^ and 52.0^; U = 6, P > 0 .9 0 ) .  Thus th e  species d iffe ren ce  was
-fe
most ev iden t in  the hd iav iour o f young towards each o th e r and towards 
th e i r  mother than in  the  behaviour o f a d u lts .
In Octodon th e re  was no d iffe ren ce  between the th re e  age groups 
in  the p roportions with which the  d if f e r e n t  body regions were nosed 
during in te ra c tio n s  among li t te rm a te s  o r between paren ts  and young.
However, fo r  Octodontomys mothers nosing th e i r  young, the  % snout 
nosing increased  from 27 . ^  o f  the t o t a l  nosing score during days 
1-15 to  4-6.9^ during  days 16-30, and to  5 1 . ^  during days 31-4-8. For 
Octodontomys fa th e rs  nosing the  young, the  % snout nosing o f the t o t a l  fo r  
th e  same ages were 13.9^, 39.8^ and re sp e c tiv e ly . The % neck nosing
by both p a ren ts  to th e  young correspondingly declined  w ith age.
Conversely, fo r  Octodontomys young nosing th e i r  mother, the % neck 
nosing of the t o t a l  nosing score increased  w ith age (24-.3^, 4-7.3^ 
aid 53»3^ re sp e c tiv e ly  fo r  th e  th ree  age groups); th i s  might be r e la te d  
to  a tendency noted fo r  Octodontomys young to  perch on th e i r  m other's  
back w hile rep ea ted ly  nosing her neck and head-shaking. There was no 
obvious change w ith age in  the % snout o r  neck nosing fo r  Octodontomys 
young nosing th e i r  fa th e r ,  o r  fo r  nosing among l i t te rm a te s .
Octodontomys g en era lly  nosed the t a i l  more in  proportion  
to  the o th er body regions than d id  Octodon (F ig . 5»4). When the 
d if f e r e n t  l i t t e r s  were considered, the % t a i l  nosing o f the t o t a l  
nosing scores fo r  s ib lin g  in te ra c tio n s  ranged from 6.6% to  11.3^ in  
Octodontomys compared with 0.2% to  2,2% in  Octodon (U = 0, P ^  0.002,
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Mann-Whitney U t e s t .  For nosing con tac ts  by the young to the p a ren ts , 
the % t a i l  nosing o f the t o t a l  nosing score ranged from 10.9% to 33.2% 
in  Octodontomys compared with 0.7% to  6.4% in  Octodon (U = 0, P = 0.002), 
and the % t a i l  nosing o f the  f a th e r  by the young was 16.1% and 17.7% 
in  the  two Octodontomys l i t t e r s  compared w ith a range o f 1.7% to  ;4.1% 
in  Octodon ( in s u f f ic ie n t  Octodontomys data  fo r  a s ig n if ic a n t  P value 
by th e  Mann-Whitney U t e s t ) .  When p a re n ta l nosing o f th e  young 
was considered, th e  sp ec ies  d id  not d i f f e r  s ig n if ic a n t ly  when the  
% t a i l  nosing o f the t o t a l  nosing fo r  each l i t t e r  was compared.
Thus, a s  fo r  snout nosing, the species  d iffe re n c e  in  t a i l  nosing 
was found more in  the behaviour o f  the young than in  the behaviour 
o f th e i r  p aren ts . With re sp ec t to  t a i l  nosing, th i s  may be due in  
p a r t  to  the r e la t iv e ly  g re a te r  development of the t a i l  brush of 
h a ir s  in  Octodontomys a d u lts  than in  the  young, and in  p a r t  to  
the  r e la t iv e ly  g re a te r  a c t iv i ty  le v e l of th e  young with re sp e c t to  
th e i r  paren ts  than the rev e rse . The p u rsu it , nosing, n ib b lin g  and 
p u llin g  of th e i r  p a re n ts ’ t a i l s  by young Octodontomys was o ften  an 
in te g ra l  p a r t  of p lay  bouts (Wilson and Kleiman, 1974). The % t a i l  
nosing o f nosing scores o f the young d id  no t d i f f e r  in  th e  th ree  
age groups, but the  % t a i l  nosing o f the young by the p aren ts  d id  
in crease  w ith age o f the young (1.6%, 4.5% and 6.9% fo r  m other-to- 
young nosing in  the th re e  age groups, and 4.6%, 10.8% and 13. 0% 
fo r  fa ther-to -young  nosing). P ossib ly  th i s  in c rease  i s  r e la te d  to  
the gradual development o f the  h a i r  brush from infancy onwards.
No co n s is te n t d iffe ren ce s  between the sp ec ies  occurred
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Mann-Whitney U t e s t .  For nosing con tac ts  by the young to the p a ren ts , 
the % t a i l  nosing o f the to t a l  nosing score ranged from 10.9^ to 33*2% 
in  Octodontomys compared with 0.7% to  6.4% in  Octodon (U = 0, P = 0 .002), 
and the % t a i l  nosing of the  f a th e r  by the young was l6.1% and 17.7% 
in  the  two Octodontomys l i t t e r s  compared with a  range o f 1.7% to  4.]% 
in  Octodon ( in s u f f ic ie n t  Octodontomys data  fo r  a s ig n if ic a n t  P value 
by the  Mann-Whitney U t e s t ) .  When p a ren ta l nosing o f the  young 
was considered, th e  spec ies  d id  not d i f f e r  s ig n if ic a n tly  when the  
% t a i l  nosing o f the t o t a l  nosing fo r  each l i t t e r  was compared.
Thus, a s  fo r  snout nosing, the species  d iffe re n c e  in  t a i l  nosing 
was found more in  the behaviour o f the young than in  the behaviour 
o f th e i r  p a ren ts . With re sp ec t to  t a i l  nosing, th i s  may be due in  
p a r t  to  the r e la t iv e ly  g re a te r  development of the t a i l  brush of 
h a ir s  in  Octodontomys a d u lts  than in  the  young, and in  p a r t  to  
the  r e la t iv e ly  g re a te r  a c t iv i ty  le v e l of th e  young with re sp e c t to  
th e i r  paren ts  than the rev e rse . The p u rsu it ,  nosing, n ib b lin g  and 
p u llin g  o f th e i r  p a re n ts ’ t a i l s  by young Octodontomys was o ften  an 
in te g ra l  p a r t  of p lay  bouts (Wilson and Kleiman, 1974). The % t a i l  
nosing o f nosing scores o f the young d id  no t d i f f e r  in  the  th re e  
age groups, but the  % t a i l  nosing o f the young by the p aren ts  d id  
increase  with age o f the young (1.6%, 4.5% and 6.9% fo r  m other-to- 
young nosing in  the th re e  age groups, and 4.6%, 10.8% and 13. 0% 
fo r  fa ther-to -young  nosing). P ossib ly  th is  in crease  i s  r e la te d  to  
the gradual development o f the h a ir  brush from infancy onwards.
No co n s is te n t d iffe ren c es  between the spec ies  occurred
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in  the p roportion  o f nosing d ire c ted  to the rump and anogen ita l 
reg ions. However, there  was a tendency in  Octodontomys fo r  th e  % rump 
nosing by p aren ts  towards th e i r  young to  decrease during ju v en ile  
development ( 1 8 .^ ,  15. 9% and 1.9% fo r  mother-to-young in  the th ree  
age groups, and 26 . ^ ,  20.5% and 10.4% fo r  fa th er-to -y o u n g ).
F ig. 5 .5  p resen ts  a summary of the spec ies  comparison with 
re sp ec t to  the occurrence o f allogroom ing, in te ra c tio n s  in  the  
v en te r-to -v e n te r  p o s itio n , forepaw -clasping, and nosing o u tsid e  of 
these contexts ( in  'unstereo typed  p o s i t io n s ') .
Octodon g en era lly  en ^g ed  in  more allogrooming in  proportion  
to  o th e r behaviour p a tte rn s  than d id  Octodontomys (Fig. 5 .5 ) . When 
the d if fe re n t  l i t t e r s  were considered, the  % allogroom ing o f mother- 
to-young behaviour a c ts  ranged from 15.0% to 47,8% in  Octodon 
compared with 6 . ^  to 14.4% in  Octodontomys (U = 0, P = 0 .002), and 
the % allogrooming of fa ther-to -young  behaviour a c ts  ranged from 
20.5% to  34.9% in  Octodon compared with 3»9% and 7.5% in  the  two 
Octodontomys l i t t e r s  ( in s u f f ic ie n t  Octodontomys data fo r  a s ig n if ic a n t  
P value by th e  Mann-Whitney U t e s t ) .  For l i t te rm a te  in te ra c tio n s  the 
% allogrooming ranged in  d if f e re n t  l i t t e r s  from 1.4% to  13. 6% in  
Octodon compared w ith 1.0% -  4 . ^  in  Octodontomys (U = 4, P = 0 .05 ). 
The species were s im ila r , however, in  th a t  the low est f ig u re  fo r  
allogroom ing a s  a percentage o f the t o t a l  behaviour a c t  scores was 
fo r  l i t te rm a te  in te ra c tio n s , and th e  h ig h est was fo r  the behaviour o f 
p aren ts  towards t h e i r  young (Fig. 5 .^ ) .
Forepaw-clasping occurred r e la t iv e ly  more in  Octodon than 
in  Octodontomys (F ig. 5 .^ ) .  Amongst l i t te rm a te s ,  Octodon engaged
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d id  no t decrease in  Octodon (2].0%, 32.0% and 32.5% re sp e c tiv e ly ) .
In Octodon th e re  was an in crease  in  the % forepaw -clasping o f the young 
by the fa th e r  (0.0%, 5.7% and 8.7% in  the  th ree  age groups). In 
Octodontomys the % v e n te r-to -v e n te r  in te ra c tio n s  o f parent-to-young 
behaviour a c t  scores increased  s l ig h t ly  with in c reasin g  age o f the 
young (0,0%, 2,2% and 10.8% fo r  fa ther-to -young  behaviour, and 
2 , ^ ,  2.5% and 5.4% fo r  mother-to-young behaviour).
The species  d iffe ren ce  in  the  ex ten t to  which locomoto3> 
r o ta t io n a l  movements occurred was considered sep a ra te ly  from the 
behaviour p a tte rn s  d iscussed  above, s in ce  the l a t t e r  a re  con tac t 
behaviours, and con tact behaviours tended to  be in te rru p te d  by 
loco m o to r-ro ta tio n a l movements (Wilson and Kleiman, 19?4).
L ocom otor-rotational movements a re  considered here in  terms o f the  
r a t io  of t h e i r  scores to  body nosing scores, in  o rder to  p o rtray  
the general ex ten t to which so c ia l in te ra c tio n s  were punctuated 
by these movements in  th e  two species  (Table 5 ,2 ;  body nosing 
scores from allogroom ing have been deducted from the t o t a l  sco res 
given here , since allogroom ing u su a lly  occurred a t  the  s t a r t  of 
r e s t  periods, and was seldom accompanied by lo co m o to r-ro ta tio n a l 
movements in  e i th e r  sp ec ie s) .
I t  i s  c le a r  from ta b le  5*2. th a t  Octodontomys young 
gen era lly  engaged in  more loco m o to r-ro ta tio n a l movements in  
r e la t io n s  to  body nosing scores than d id  Octodon young. When 
the d if f e r e n t  l i t t e r s  were considered, the r a t io  ranged from 0 .3
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Table 5.2* Th® r a t io  o f  behaviour a c t  sco res  fo r  lo co m o to r-ro ta tio n a l 
movements to  body nosing sco res (excluding allogrobm ing).
1 - r  movs/body nosing
between l i t te rm a te s  
young to  mother 
young to  fa th e r  
mother to  young 
f a th e r  to  young
Octodon 
0 . 101 
0.070 
0.058 
0.002  
0.005
Octodontomys
0.586
0.401
0.599
0.144
0.135
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to  0 ,9  in  Octodontomys compared with 0,04 to  0.16 in  Octodon 
(U = K), P = 0.002 by the Mann-Whitney U t e s t ) .  I t  i s  a lso  ev iden t 
from Table 5*3 th a t  whereas Octodon p aren ts  alm ost never jo ined  
with th e i r  young in  these  movements, Octodontomys paren ts  sometimes 
d id . When the  d if f e r e n t  Octodontomys l i t t e r s  were considered, 
the r a t io  o f loco m o to r-ro ta tio n a l movements to  body nosing scores 
ranged from 0.00 to  0.36 fo r  mother-to-young behaviour, and was 
0.03 &nd 0.24 fo r  th e  behaviour o f the  two fa th e rs .  C onsideration 
o f  r a t io s  fo r  the d if f e r e n t  Octodon l i t t e r s  was in ap p ro p ria te , s in ce  
lo co m o to r-ro ta tio n a l movements by the  p aren ts  hard ly  ever occurred.
The r a t io  of loco m o to r-ro ta tio n a l movements to  body nosing 
scores fo r  l i t te rm a te  in te ra c tio n s  decreased w ith age in  both 
sp ec ies. For Octodontomys young the  r a t io s  in  th e  th re e  successive age 
groups were 0 .81, 0.51 and 0.44, and fo r  Octodon the  comparable 
r a t io s  were 0 .15, 0.10 and 0.06 re sp e c tiv e ly . Thus i t  appears 
th a t  young o f  both spec ies  may become p ro g ressiv e ly  le s s  l ik e ly  to 
engage in  lo co m o to r-ro ta tio n a l movements during  body nosing 
in te ra c tio n s  a s  they grow o lder.
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DISCUSSION
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The behaviour o f Octodon degus and Octodontomys g l iro id e s  
described  in  th i s  ch ap ter encompasses a l l  the  ju v en ile  and 
parent-young s o c ia l  behafeour observed to  occur w ith in  th e  l im its  
o f the  study cond itions with the exception o f v o c a lisa tio n s , 
nosing the mouth o f an ea tin g  anim al, and behaviour invo lv ing  
u r in a tio n  and sandbathing (Wilson and Kleiman, 1974; Kleiman, 1975» 
Reynolds and Wright, 1979). In  th is  study i t  has been found th a t  
l i t t e r s  of the two species  ra is e d  and observed in  c a p tiv ity  
d if fe re d  in  (a) the  pace o f s o c ia l behaviour ontogeny, (b) the  
r e la t iv e  amounts o f t a i l  and snout nosing during s ib l in g  and 
parent-young in te ra c t io n s ,  and (c) the  r e la t iv e  prominence 
o f the follow ing non-aggressive and. non-sexual behaviours: 
allogroom ing, forepaw -clasping, v e n te r-to -v e n te r  'play* between 
p a ren ts  and young, and lo co m o to r-ro ta tio n a l movements. P ossib le  
c o rre la tio n s  between these  observed species d iffe ren ce s  in  behaviour 
and known o r presumed d iffe re n ce s  between th e  spec ies  in  l i f e  
h is to ry  w il l  now be considered,
Octodontomys neonates were s l i ^ t l y  la rg e r  and behav iou ra lly  
more precocious than Octodon in fa n ts ,  bu t p o s t-n a ta l  development 
in  Octodon was more ra p id . Furtherm ore, Octodon young in  the th ird  
month of age undergo p h y sica l and behavioural changes away from 
the ju v en ile  form, whereas Octodontomys r e ta in  in to  adulthood 
th e i r  ju v en ile  appearance and behavioural fe a tu re s  such a s  
locom oto r-ro ta tional movements and v e n te r- to -v e n te r  *play*,
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There a re , th e re fo re , two a sp ec ts  o f  behavioural c o n tra s t 
in  the two species  w ith which th is  d iscussion  i s  concerned. One 
asp ec t i s  the  g re a te r  s o c ia l  to le ran ce  o f Octodon r e la t iv e  to 
Octodontomys, and th e  o ther i s  the afore-m entioned s im ila r i ty  
o f  a d u lts  and ju v en ile s  in  Octodontomys compared with the 
r e la t iv e ly  g re a te r  ph y sica l and b ë iav io u ra l d is p a r i ty  between 
a d u lts  and ju v e n ile s  in  Octodon.
With re sp e c t to nosing d if f e re n t  p a r ts  of the body, the  
two species  d if fe re d  mainly in  th a t  Octodontomys nosed th e  t a i l  
r e la t iv e ly  more than Octodon; th i s  d iffe ren ce  i s  undoubtedly 
a sso c ia ted  w ith th e  g rea te r  amount o f h a ir  a t  th e  t i p  o f th e  
t a i l  in  Octodontomys than in  Octodon. A p o ssib le  in te rp re ta t io n  
o f  t a i l  nosing in  Octodontomys i s  th a t  i t  may be a mode o f 
o lfa c to ry  exchange which does no t n e c e s s i ta te  c lose body 
con tac t: in d iv id u a ls  may nose each o th e r  w hile keeping 'a  
t a i l ' s  length* a p a r t .  Since Octodontomys a lso  d if fe re d  from 
Octodon in  tend ing  to  nose th e  snout r e la t iv e ly  le s s ,  i t  i s  
p o ss ib le  th a t  t a i l  nosing may be p a r t ly  s u b s t i tu t in g  fo r  
snout nosing.
With re sp e c t to the d if f e r e n t  behaviour p a tte rn s  observed, 
the species d if fe re d  in  the  r e la t iv e  emphases a ffo rd ed  to  each 
p a tte rn , Octodon engaged in  r e la t iv e ly  more allogroom ing than 
Octodontomys. Octodon u su a lly  huddle over one ano ther when 
re s t in g , and allogroom ing i s  o ften  a  prelude to  huddling . 
Octodontomys, o th er than p aren ts  w ith young in fa n ts ,  r a re ly  
huddle over one ano ther. Thus allogroom ing may be considered to  
be a contact-prom oting behaviour which i s ,  no t su rp r is in g ly , more 
p rev a len t in  Octodon than in  Octodontomys.
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Octodontomys, both young and p a ren ts , d isp layed  a g re a te r
- a
incidence than Octodon o f lo com oto r-ro ta tional movements in  
p roportion  to  body nosing sco res. I t  i s  p o ss ib le  th a t  locomotor- 
r o ta t io n a l  movements function  to co n tro l the in te n s i ty  o f 
o lfa c to ry  and t a c t i l e  s tim u la tio n  to  the in te ra c ta n ts  by 
co n tin u a lly  causing the animals to  break con tac t. By punctuating 
so c ia l in te ra c tio n  with these  movements, th e re fo re , co n tac t may 
be made rep ea ted ly  in  a r e la t iv e ly  con tac t-shy  sp ec ies  such 
a s  Octodontomys w ithout s t r e s s f u l  le v e ls  o f  s tim u la tio n  being 
reached (Kleiman, 1974; Golani, 1976). I t  i s  a lso  p o s s ib le th a t 
the high le v e l of loco m o to r-ro ta tio n a l movements in  Octodontomys 
i s  r e la te d  to th e ir  c ircad ian  rhythm; Pa gen (1976) suggested th a t  
p h y s ica lly  en erg e tic  s o c ia l  in te ra c tio n  may be p red ic ted  a f t e r  
a period  o f confinement (Octodontomys sleep  a l l  day), and 
may be b e n e f ic ia l p h y sio lo g ica lly  a s  a  warm-up before s ta r t in g  
to forage. Our Octodontomys r a re ly  a te  the  fre sh  food provided 
d a ily  u n t i l  long a f t e r  t h e i r  i n i t i a l  evening period  o f  in ten se  
so c ia l in te ra c t io n . There a re , tharefore, two c o n tra s tin g  p o in ts  
to  be noted here* f i r s t l y ,  Octodontomys, the  more con tact-shy  
sp ec ies , engaged in  more lo co m o to r-ro ta tio n a l movements than 
Octodon, and secondly, these  en erg e tic  movements, which appear 
p la y fu l, a re  considered to  be c h a ra c te r is t ic  o f young anim als 
o f  both sp ec ies , bu t a lso  occur to  a  considerable  e x te n t in  a d u lt  
Octodontomys, but no t Octodon.
In te ra c tio n s  in  the v e n te r-to -v e n te r  p o s itio n  occurred
147
between p aren ts  and young in  Octodontomys but no t in  Octodon. These 
in te ra c t io n s  a re  u su a lly  accompanied by lo co m o to r-ro ta tio n a l 
movements in  Octodontomys and # ie: gu rg ling  v o c a lisa tio n  in  Octodon, 
and appear p lay fu l in  both sp ec ies . P a r tic ip a tio n  by Octodontomys 
p a ren ts  in  these  in te ra c tio n s  may be linked  to  th e i r  p a r t ic ip a tio n  
in  loco m o to r-ro ta tio n a l movements; Octodon paren ts  p a r t ic ip a te d  
in  n e ith e r . During v e n te r- to -v e n te r  in te ra c tio n s  between s ib l in g  
young o f  both sp ec ies , th e  p a rtn e rs  appeared to  be a ttem pting  
to  match ra th e r  than to exceed each o th e r 's  mmoeuvres. P o ssib ly  
such re c ip ro c a l matching o f p h y sica l s k i l l s  may be in ap p ro p ria te  
to a  dom inant-subordinate re la t io n s h ip  such a s  seems to  develop 
between Octodon p a ren ts  (e sp e c ia lly  the male) and th e i r  young 
(Chapter 4 ) , but may be ap p ro p ria te  fo r  parent-young in te ra c t io n s  
in  Octodontomys, in  which sp ec ies  a behavioural ' generation  gap ' 
seems no t to  occur.
The occurrence o f  p a te rn a l forepaw -clasping was g re a te r  
in  Octodon than in  Octodontomys. Forepaw-clasping o f the young 
by th e  Octodon fa th e r  appeared to  be asso c ia ted  with p a te rn a l 
co n tro l o f the young; among s ib lin g  ju v en ile  Octodon i t  appeared 
t o  be p rim arily  a contact-prom oting behaviour (Chapter 4 ) . Probably 
these  two fu n c tio n s  o f forepaw -clasping a re  no t c le a r ly  separab le  
a t  any age in  Octodon. The le s s e r  emphasis on th is  behaviour in  
Octodontomys may r e f l e c t  the le s s e r  degree o f  con tact-proneness 
in  t h i s  sp ec ies , and the lack o f s o c ia l  dominance ex erc ised  by 
the male p aren t.
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In  regard  to  p a te rn a l soc io -sexdal domination o f  the
-fe
young in  Octodon in  c o n tra s t to  Octodontomys, an ex erp t from the 
behavioural reco rd s o f one fam ily o f  each species  observed in to  
th e  l i t t e r ' s  th i rd  month o f  age a re  o f in te re s t*
The Octodon fa th e r  ( ^ 4 )  o ften  forepaw -clai^ed 
h is  son when the son engaged in  v e n te r-to -v e n te r  
in te ra c tio n  w ith one o f h is  s i s t e r s ,  o r  attem pted to  
forepaw -clasp h er. The fa th e r  would rush  up to  the son, 
c lasp  him w ith p e lv ic  th ru s tin g  and w ithout the gurg ling  
v o c a lisa tio n , and would continue to hold him fo r  some 
tim e.
When th e  young were 2.5m o ld , the mother en tered  
o estro u s . The fa th e r  proceeded to  in tim id a te  h is  son 
by th re a te n in g  him w ith the  sideways p re sen ta tio n  
postu re  and by f ig h tin g  him (see Davis, 1975). He l e f t  
h is  son alone only fo r  a s  long a s  th e  son remained frozen 
in  a hunched 'rum p-ra ised ' p o s itio n . He would then approach 
the son p e r io d ic a lly  and 't o s s ' him p o s te r io -v e n tra lly  
w ith th e  snout, u r in a te  on him, lean over him and 
allogroom him. The son had to  remain immobile to  avoid  being 
a ttack ed . L ater th a t  day the fa th e r  su c c e ss fu lly  copulated 
w ith the mother. He then d iscontinued  h is  severe 
in tim id a tio n  o f  h is  son.
By c o n tra s t , when Octodontomys l i t t e r  #2 was 2.0m 
o ld , the mother entered o estro u s . The fa th e r  d isp layed  
in ten se  co u rtsh ip  behaviour towards h e r f o r  two days, 
bu t d id  no t th rea ten  h is  son, o r  a ttem pt to  l im it  h is  
movements in  any way.
Thus c e r ta in  linkages between some behavioural t r a i t s  
found to  be emphasised by each o f the two spec ies  a re  suggested, 
a s  follows* Octodon* contact-proneness, communal m ulti-m ale 
groups in  n a tu re , huddling, allogroom ing, forepaw -clasping, 
lo ss  o f juven ile  p lay  bd iav iours in  a d u lts ,  and f in e ly  
co n tro lled  so c io -sex u al domination o f  the young by th e  breeding 
male; Octodontomys* lim ited  s o c ia l to le ra n c e , se m i-so lita ry  
d ispersed  l i f e s ty l e  in  n a tu re , development o f t a i l  h a ir s  and
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t a i l  nosing, lo co m o to r-ro ta tio n a l movements, juven ile  ph y sica l 
ap p e^an ce  and p lay  behaviour re ta in e d  in  a d u lt ,  absence o f 
c o n tro lled  dominance behaviour from parent to  young. F urther 
observations o f  o th e r caviomorph spec ies  w i l l  be necessary  
to  t e s t  th e  s tre n g th  o f  th ese  linkages. D espite th e  f a c t  th a t  
Octodon i s  known to  be more contact-prone than Octodontomys, 
t h i s  study has shown th a t  i t  would be m isleading to describe 
Octodon a s  being more 'i n te r a c t iv e ' o r  ' p la y fu l ' than 
Octodontomys; in  these  spec ies  th ere  does n o t seem to  be any 
sim ple r e la t io n  between the degree o f s o c ia l  to le ran ce  and th e  
amount o f s o c ia l in te ra c tio n . T h is conclusion i s  in  keeping 
w ith the view o f  Kleiman (1974) th a t  caviomorphs a re  a b le  to  
liv e  in  close a sso c ia tio n  w ith consp ec ifics  " . . . r e g a r d le s s  o f 
th e  niche they occupy o r the  complexity o f the s o c ia l  system ."
The concept o f  defin in g  species  c h a ra c te r is t ic s  in  
terms o f  non-aggressive and non-sexual behaviours o f  young anim als 
i s  s t i l l  r e la t iv e ly  new (Bekoff, 1974; Happold, 1976; see a lso  
Chapter 3 ) .  I t  i s  hoped th a t the  r e s u l t s  o f  the p resen t chapter 
may be s tim u la tin g  to  th is  f i e ld  o f endeavour.
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CHAPTER SIX
COMPARATIVE DISCUSSION
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Although the o v e rt behaviours c o n trib u tin g  to  ju v en ile  
s o c ia lis a t io n  a re  s im ila r  in  the fo u r rodent species d iscussed  in  
th i s  th e s is ,  I  found d iffe ren ce s  between the more and le s s  s o c ia lly  
to le ra n t  and communal spec ies  o f each o f these  two types of ro den t, 
m icro tine and caviomorph, in  the  le v e l o f  occurrence o f c e r ta in  
s o c ia l  behaviours. These behaviours included body nosing and 'p la y ' 
p a tte rn s , s i t t i n g  in  co n tac t, huddling and allogroom ing, and 
parent-young con tac t. The d ire c tio n  o f the  d iffe ren ce  between the  
more and le s s  s o c ia lly  to le ra n t  species in  some o f  th ese  behaviours 
(such a s  s i t t i n g  in  co n tac t, huddling and allogroom ing, and f a th e r -  
young co n tac t, which a l l  occurred to  a g re a te r  ex ten t in  the more 
s o c ia lly  to le ra n t  and communal species) was the same in  the M icrotus 
and the Octodontids. In  th is  comparative d iscussion  I  w il l  
summarise the s im i la r i t ie s  found between the M icrotus and the 
Octodontids in  the c o n tra s t  between the more and le s s  to le ra n t  and 
communal types w ith re sp ec t to  these  behaviours. To ease the 
r e p e t i t io n  o f words in  th is  d iscu ssio n , I  w il l  r e f e r  throughout 
to M icrotus ochrogaster and Octodon degus a s  the  TOL (more to le ra n t  
and communal) sp ec ies , and to  Microtus pennsylvanicus and Octodontomys 
g l iro id e s  a s  the  INT ( le s s  to le ra n t  and le s s  communal) sp ec ies .
Besides these s im i la r i t ie s  in  the manner in  which ju v en ile  
behaviours may r e la te  to  so c ia l to le ra n ce  and s o c ia l s tru c tu re  in  
the  M icrotus and O ctodontids, some d iffe ren ce s  between th e  two ro d en t 
types were found with re sp e c t to  c e r ta in  behaviours th a t  may r e l a t e  
to  the d iffe ren ce  between the two M icrotus and two Octodontid sp ec ies  
in  th e i r  physica l a t t r ib u te s .  The M icrotus a re  sm all ro d en ts
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w ith an approximate a d u lt  weight o f 30g, l i f e  span o f one year, 
and g e s ta tio n  of th re e  weeks, in  co n tra s t to  the O ctodontids 
with an approximate a d u lt  w e i^ t  o f 200- 250g, l i f e  span o f 
f iv e  years, and g e s ta tio n  o f th re e  months. The behaviour 
d iscussed  in  th is  re sp ec t includes the form and use o f ro ta t io n a l  
movement and physica l manoeuvering during p lay , th e  frequency 
of spontaneous so c ia l in te ra c tio n  in  fam ily groups, and the 
use of autogrooming during so c ia l in te ra c tio n s . Although these 
asp ec ts  o f behaviour were no t a l l  c e n tra l to the sep ara te  
d iscussions o f M icrotus and Octodontid ju v en ile  s o c ia lis a t io n  
(chap ters 2, 3» 4 and 5 ) , i t  i s  t h o u ^ t  th a t  they  may r e la te  
to  major d iffe ren ces  in  c e n tra l nervous o rg an isa tio n  and the 
behavioural bas is  o f  s o c ia l o rg an isa tio n  in  these  two roden t 
types.
In th is  comparative d iscussion  I  w il l  consider f i r s t  
the behavioural d iffe ren ce s  between the species  which c o r re la te  
w ith known d iffe ren c es  in  so c ia l to le ran ce  and communality, and 
then I  w il l  consider the behavioural d iffe re n c es  between the 
species which r e la te  to  d iffe ren ces  in  th e  ph y sica l type of 
roden t, as  d iscussed  above. E a r l ie r  chap ters  w il l  be re fe r re d  
to  fo r  m ate ria l a lready  presented  in  th i s  th e s is ,  and some 
supplementary m a te ria l w il l  a lso  be incorporated  here .
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Both TOL species were found to  exceed both INT species  
in  th e  le v e l of occurrence o f c e r ta in  behaviour p a tte rn s  during 
fam ily s o c ia l  behaviour, a s  d iscussed  in  Chapters 2, 3 and 5. The 
TOL fa th e rs  d isp layed  much enthusiasm fo r  th e  young, and squatted  
o r huddled over them fo r  much o f the  time when compared w ith the 
INT fa th e rs . The TOL fa th e rs  huddled over th e i r  mates (see 
Thomas and B im ey, 1979, fo r  an i l lu s t r a t io n  o f th is  behaviour in  
M. och rogaster) , whereas INT fa th e rs  ra re ly  d id . In the TOL 
species th e re  was more allogroom ing than in  the INT sp ec ies . In 
M icrotus, the TOL mothers spent more time than the INT mothers 
in  con tac t w ith th e i r  young, but a s im ila r  comparison could not 
be made in  the Octodontids because o f  the  d iffe re n c e  between 
the two octodontid  spec ies  in  a c t iv i ty  rhythm. However, in  both 
types o f ro d m t I  found th a t  the young o f the TOL species g en era lly  
received  g rea te r  exposure to  conspecific  t a c t i l e  and o lfa c to ry  
s tim u li during the s e t t l in g  and in a c tiv e  phases o f th e i r  a c t iv i ty  
cycle.
During a c t iv i ty  periods s tim ulated  by the dyadic encounter 
procedure, ju v en ile  in te ra c tio n s  between s ib l in g  and n o n -s ib lin g  
voles re su lte d  in  h igher body nosing scores in  the  TOL 
M. ochrogaster than in  the INT M. pennsylvanicus (Chapter 3 ). 
Comparable da ta  on the Octodontids have no t been included 
in  Chapter 5 owing to  the lim ited  a v a i la b i l i ty  o f young anim als, 
and hence the lack  o f emphasis on dyadic encounters in  the 
Octodontid study (see Chapters 1 and 4 ) . However, a sm all amount 
o f data  obtained from 17 Octodontomys s ib lin g  encounters
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(9 d? and 8 99 encounters evenly d is tr ib u te d  over weeks 2 to  7 , 
using anim als from f iv e  l i t t e r s )  and 24 comparable Octodon s ib l in g  
encounters (12 d9 and 12 99 encounters, using  anim als from s ix  
l i t t e r s ;  th ese  Ootodon encounters a re  the same a s  those d escrib ed  
in  Chapter 4 , b u t th e  dd dyads have been elim inated  here in  o rd e r 
to  make th e  encounters more comparable w ith those o f Octodontomys) 
suggested th a t  the  number o f  body nosing  con tac ts  was g e n e ra lly  
lower in  the  INT Octodontomys (X = 33.8  nosing c o n tac ts , range 
13 to  47) than in  the  TOL Octodon (X = 56 .0 , range 10 to  I I 6 ;
P <  0.001 by th e  Mann-Whitney U t e s t ) .  Thus in  both the  M icrotus 
and the O ctodontids, the  TOL species  were found to  engage in  
more body nosing  during  s ib lin g  encounters than were th e  INT 
species ( a l th o u ^  i t  must be emphasised th a t  th i s  conclusion i s  
very te n ta t iv e  f o r  the O ctodontids, being based on only a  sm all 
number o f en coun ters); th e  exposure o f ju v en ile s  to  t a c t i l e  and 
o lfa c to ry  s tim u li  from th e i r  encounter p a rtn e rs  was th e re fo re  
presumably g r e a te r  in  both TOL spec ies  than in  the INT sp e c ie s .
A comparison was made between th e  TOL and the  INT sp ec ie s  
of 'p la y ' behaviour (termed Mode I I  in te ra c t io n s  in  the  vole s tudy . 
Chapter 3 ) .  In  a l l  sp e c ie s , dyadic p lay  in te ra c t io n s  (from approach 
to  sep a ra tio n ) which included  lo co m o to r-ro ta tio n a l movements o r  
physica l manoeuvering combined w ith re lax ed  muscle tone o r  open 
mouth, could be re a d ily  id m t i f i e d  and iso la te d  from th e  complete 
body nosing reco rd  f o r  the  purpose o f  spec ies  comparison o f th ese  
s p e c if ic a l ly  p lay  behaviour episodes.
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R o ta tio n a l head movement accompanied body nosing during
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Mode I I  in te ra c tio n s  o f  both Microtus sp ec ies; th i s  was a rap id  
l a t e r a l  rocking movement o f the head during which the  snout 
formed a f ix ed  p o in t o f con tac t w ith the o th e r anim al, -üius 
becoming a p iv o t fo r  the  head ro ta tio n . I t  seems l ik e ly  th a t  
the p o te n tia l fo r  o lfa c to ry  in p u t may be enhanced by head-rocking 
while the  snout i s  buried  in  th e  companion's fu r .  About 60^  of 
a l l  TOL M. ochrogaster Mode I I  in te ra c tio n s  included fu r th e r  
head rocking follow ing th e  i n i t i a l  occurrence, compared w ith 
about 30^  in  the INT M. pennsylvginicus; p o ssib ly  th e  INT species  
has a lower to le ran ce  fo r  such enhanced o lfa c to ry  in p u t. In  the 
O ctodontids the  ro ta t io n a l  head movement d if fe re d  in  q u a lity  from 
th a t  o f  th e  M icrotus; in s tea d  of a rocking movement w ith the  snout 
as  a p iv o t, th e  movement resembled more a shake o r to s s ,  r e s u l t in g  
in  in te rru p tio n  o f the  snout-body con tac t. Thus head-shaking was 
(as described  in  Chapter 5) more frequen t in  the  INT Octodontomys 
than in  the  TOL Octodon. In  a l l  four spec ies  the ro ta tio n a l  head 
movement conveys to  the  observer, and probably a lso  to  the anim als, 
the  message " th is  i s  play" (Bateson, 1956; Bekoff, 1974; Wilson 
and Kleiman, 1974).
When ro ta t io n a l  head movements o f the  TOL M. ochrogaster 
and Octodon were compared, i t  was ev iden t t h a t  head-rocking in  
M. ochrogaster was a more e f fe c tiv e  contact-prom oting s ig n a l 
than was head-shaking in  Octodon* 45^ o f in s tan ce s  o f head-shaking 
were immediately follow ed by fu r th e r  nosing in  one ty p ic a l  l i t t e r  
o f Octodoi (Wilson and Kleiman, 1974) compared with 85^  o f in s tan c e s  
o f head-rocking in  M. och ro g aste r. F u rth er, s ince  70^ o f in s tan ce s
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o f re c ip ro c a l behaviour a c ts  (v e n te r- to -v e n te r  manoeuvering o r 
re c ip ro c a l nosing o f the  head o r rump) in  M, ochrogaster were 
accompanied by head-rocking, th i s  movement m i^ t  be in te rp re te d  
a s  a contagious s ig n a l a c tin g  to  coordinate re c ip ro c a l movement 
in  t h i s  sp ec ies. Thus i t  seems th a t  ro ta t io n a l  head movement -  
which i s  a common 'p la y  s ig n a l ' in  mammals (Wilson and Kleiman, 
1974) -  may vary somewhat in  p re c ise  form and function  in  
d if f e r e n t  taxonomic groups.
Some observed behavioural d iffe ren ce s  between the  
m icro tines and th e  O ctodontids may r e la te  to  the  probable g re a te r  
a b i l i t y  o f the O ctodontids to  le a m  and remember p h y s ica l and 
behavioural c h a ra c te r is t ic s  o f in d iv id u a l co n sp ec ifics , and 
use t h i s  inform ation in  the development o f complex and durable 
so c ia l  re la tio n s h ip s  during th e i r  r e la t iv e ly  long life sp a n .
Davis ( 1975) has shown th a t  male Octodon can remember 
in d iv id u a l id e n t i ty  and behavioural c h a ra c te r is t ic s  fo r  a t  
le a s t  a month a f t e r  a s in g le  encounter. The p resen t study 
in d ica ted  th a t p h y sica l manoeuvering occurred more o fte n  
in  Octodon than in  M. o ch ro g aste r, th a t  spontaneous in te ra c t io n  
le v e ls  among s ib lin g s  were much g re a te r  in  Octodon than in  
M. och ro g aster, and th a t  M icrotus in d iv id u a ls  in  dyadic 
encounters involved auto  grooming apparen tly  a t  le a s t  in  p a r t  
to  c la r i fy  the d iffe ren ce  between the  two anim als in  in d iv id u a l 
odours. These d iffe re n c e s  w il l  be d e ta ile d  below.
P hysical manoeuvering ( in  th e  m u tu a l-u p r i^ t ,  supine- 
(^uadrupedal and forepaw -clasping p o s itio n s )  during 157 p lay
157
(Mode I I )  in te ra c tio n s  taken from fam ily group observations of
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two ty p ic a l l i t t e r s  o f Octodon and from dyadic encounters of 
M, ochrogaster was compared in  these two spec ies. One such manoeuvre 
i n i t i a t e d  the play  in te ra c tio n  in  82^ o f cases in  Octodon, but only 
16^ in  M. o ch ro g aste r; in  Octodon, 21% o f p lay  in te ra c tio n s  included 
th re e  or more occurrences of manoeuvering compared w ith only 2% in  
M. o ch ro g aste r. In Chapter 4 I  suggested th a t  these kinds o f manoeuvres 
in  Octodon might provide o p p o rtu n itie s  fo r  p o la r is a tio n  o f i n t e r ­
in d iv id u a l r e la t io n s h ip s , perhaps on a dom inant-subordinate a x is ,  those 
anim als w ith the  g re a te r  manoeuvering a b i l i t y  becoming r e la t iv e ly  
dominant with re sp e c t to  th e i r  p eers. The low incidence o f these 
manoeuvres in  M. ochrogaster may in d ic a te  th a t  in te r - in d iv id u a l 
d if f e r e n t ia t io n  on the b asis  of manoeuvering a b i l i t y  occurs l i t t l e  
o r no t a t  a l l .  A few observations o f s ta b le  extended fam ily  groups 
of both species suggest the  presence o f behavioural dominance in  
Octodon (chap ter 5)» but no t in  M. ochrogaster (unpublished o b se rv a tio n s). 
P hysio log ical dominance o f the breeding p a ir  occurs in  M. o ch ro g aste r , 
with grown young rem aining in  the p a re n ta l group being p h y sio lo g ica lly  
immature (B a tz li e t  a l . ,  1979; Chapter 3)* A ll such non-reproducing 
voles probably remain s o c ia lly  'e q u a l ' and behaviourally  u n d iffe re n tia te d . 
In the  vo les, the ph y sio lo g ica l mechanism, thought to be mediated by 
pheromones, is  probably analagous to  the Octodon system o f behavioural 
dominance, which undoubtedly req u ire s  complex lea rn in g  and memory 
processes.
In undisturbed fam ily  groups the l i t te rm a te  body nosing 
scores peaked fo r  M. ochrogaster a t  le s s  than one per in fa n t per
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15 min in  th e  th i rd  week o f age (Chapter 2) compared w ith the 
equ iva len t Octodon sco res o f  about 5 in  the th i rd  week o f age 
r is in g  to  tw ice th a t  le v e l by the  seventh week o f age (F ig . 4 .2 ) ,
Thus in  Octodon the  presence o f fa m ilia r  l i t te rm a te s  in  the  home 
enclosure seems to  be a s u f f ic ie n t  stim ulus fo r  s o c ia l 
in te ra c tio n , whereas in  M icrotus th is  s i tu a t io n  seems to  be 
in s u f f ic ie n t .  However, s ince  mean body nosing scores per 
s ib lin g  dyadic encounter were o f  the  same o rd e r  o f magnitude in  
M. ochrogaster and Octodon (averaging around 50 per dyad in  
both sp ec ie s ) , the d iffe re n c e  between th ese  two spec ies  cannot 
be a d iffe ren ce  in  a b i l i t y  to  engage in  s o c ia l in te ra c tio n  w ith 
fam ily members, bu t may be a d iffe ren ce  in  ' a ro u sa l* (B arnett,
1963) w ith in  the  undisturbed fam ily group. This spec ies  d iffe re n c e  
in  spontaneous in te ra c tio n  le v e ls  may c o r re la te  with the presumed 
g re a te r  need in  Octodon than in  M icrotus f o r  con tinual s o c ia l  
in te ra c tio n  in  the  development o f  complex s o c ia l  re la tio n s h ip s  
w ith in  th e  fam ily group.
In  dyadic encounters o f both M icrotus sp ec ies , autogrooming 
tended to  occur most freq u en tly  a t  the  s t a r t  of encounters, before  
the anim als made th e i r  i n i t i a l  approach to  each o th e r and a lso  
du rin g  th e i r  f i r s t  minutes o f in v e s tig a tio n . The th re e  body 
reg ions in te n s iv e ly  autogroomed were the same a s  those h a b itu a lly  
nosed during s o c ia l in te ra c t io n s .  A vole would rub the  angle 
o f the  mouth with the  forepaws and then wipe i t s  paws over the 
n o s t r i l s .  A fter rubbing th e  paws over the  back o f the head and neck, 
they would again be wiped over the  n o s t r i l s .  The neck -  and le s s  o ften
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the  mouth and rump -  was sometimes scra tched  w ith the  to es  o f  th e  
hind fo o t, and the to es  were then chewed. Voles presumably renewed 
knowledge o f  th e i r  own odours during autogrooming; hence the 
opportun ity  e x is ted  fo r  an autogrooming vole to  compare i t s  
own odours w ith those o f the  o th e r anim al by then nosing the  
o th e r anim al. The dyad could then exchange inform ation on whether 
they  were s ib lin g s  o r  n o n -s ib lin g s , and o f  th e  same or d if f e re n t  
sex. No long-term  memorising would be req u ired  fo r  such a 
mechauiism. Thiessen and h is  colleagues (19?6; 197?) have 
found th a t  a s o c ia l a t t r a c ta n t  i s  a c tu a lly  re lea sed  by autogooming 
du ring  encounters between g e rb ils  (Meriones ungu icu la tu s), 
ano ther c r ic e t id  roden t. This kind o f autogrooming d id  no t 
occur during the octodontid  dyadic encounters; presumably 
these  animals p lace  more re lia n c e  on lea rn in g  and memorising 
conspecifics*  in d iv id u a l c h a ra c te r is t ic s ,  a s  d iscussed  above.
These behavioural d iffe re n c e s  between th e  M icrotus 
and th e  O ctodontids occurred w ith in  the l im its  o f  t h i s  study; 
the in te rp re ta tio n s  o f  them, d iscussed  above, a re  co n je c tu ra l, 
although they  a l l  r e l a t e  to  the  r e la t iv e ly  longer l ife -s p a n , 
low tu rn -o v er o f in d iv id m ls ,  and probably g re a te r  a b i l i t y  
fo r  complex lea rn in g  and long-term  memorising in  the  octodontids 
when compared to  th e  M icrotus. Caution should be exerc ised  in  
g en e ra lis in g  from these  r e s u l t s  and in te rp re ta tio n s  beyond the 
species  of th i s  study, s ince i t  i s  l ik e ly  th a t  some d iffe re n c es  
between species  due to  phylogenetic o r ig in  may be obscured by
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o th e r d iffe re n ce s  in  phylogeny and ecology. For example, the
-k
dwarf mara (Pediolagus s a l in ic o la ) i s  a caviomorph which, u n lik e  
Octodon and Octodontomys, does no t engage in  p h y sica l manoeuvering 
p lay  in  fam ily  groups (Wilson and Kleiman, 1974). S tud ies  o f many 
more spec ies  a re  needed before g e n e ra lisa tio n s  may become u se fu l.
I 6 l
CHAPTER SEVEN
CONCLUSIONS
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In th i s  study a t te n t io n  has been focussed on the behaviour 
of young and th e i r  p aren ts  o f two m icrotine and two octodontid  
rodent species while the  anim als engage in  body con tac t and in te r a c t  
non-aggressively .
Although the documenting of a d iffe ren ce  between the 
more and le s s  s o c ia lly  to le ra n t  ('TOL' and 'INT' re sp e c tiv e ly ; 
see Chapter 6) species in  the amount of parent-young con tac t 
and body nosing behaviours among ju v en ile s  was p red ic ted , and was 
hard ly  su rp ris in g , i t  i s  the magnitude of the species  d iffe re n c e s  
which w il l  be of in te r e s t  when th is  kind o f study i s  extended to  
o th e r species in  the search fo r  c o r re la tio n s  between asp ec ts  o f 
ju v en ile  and parent-young behaviour and so c ia l s tru c tu re . Although 
in  th is  study two p a ir s  o f r e la te d  species with co n tra s tin g  so c ia l 
s tru c tu re s  were compared, the c o n tra s t in  ju v en ile  and parent-young 
behaviour scores was f a r  from extreme; in  f a c t  a l l  fo u r species 
d isp layed  considerable  parent-young con tac t and body nosing 
b e h av io u rs .P a rtic u la r ly  in  the case o f the vo les, ju v e n ile  dyads 
of the two species could seldom be d is tin g u ish ed  on the b as is  o f 
in d iv id u a l encounters, and the  accum ulation o f many observations was 
necessary  before a num erical d iffe ren c e  between the spec ies  in  
behaviour scores became c le a r ly  apparen t. A c la s s i f ic a t io n  o f r e la te d  
mammal species in to  TOLand INT types i s  l ik e ly  to be too simple 
when more than two re la te d  spec ies  a re  compared (Happold, 1976a).
For example, i f  th i s  study had compared the behaviour o f  th ree  vole 
sp ec ies , a TOL sp ec ies , an INT species  and an in term ed ia te  would probably
163!
have been found. The a b i l i t y  to d efine  the magnitude of species 
d iffe ren ce s  in  bod ily  co n tac t and s a l ie n t  contact-prom oting 
behaviours may allow  us to  understand b e t te r  some of the  bases fo r  
the  many v a r ia tio n s  in  the forms o f so c ia l s tru c tu re  which 
d is tin g u ish  mammal populations and species.
I  f e e l  th a t  a major s tre n g th  o f  th is  study i s  th a t  
observations have no t been r e s t r i c te d  to any one fu n c tio n a l 
category o f behaviour, such a s  p lay  o r p a re n ta l care-g iv in g  
behaviour. Only some o f th e  body nosing behaviour by young 
anim als described  in  th i s  study could be assigned  to  th e  'p la y ' 
category by v ir tu e  o f c e r ta in  accompanying motor movements 
such a s  ro ta tio n a l  head movement, jumping o r running, and re lax ed  
muscle tone during dyadic manoeuvering in  th e  m utual-upright and 
o th e r p o s itio n s . F u rth e r, time spent by p a ren ts  and young in  bodily  
con tac t has been recorded in  t h i s  study ir re sp e c tiv e  o f time 
spent nursing  and l ic k in g  in fa n ts ;  thus the so c ia l re la tio n s h ip  
between p aren ts  and young r a th e r  than the  parents* ca re -g iv in g  
behaviour was being tra ce d . This in c lu sio n  o f body nosing and 
o th e r  con tact bd iav iours th a t  would u sually  f a l l  o u ts id e  th e  
ca teg o ries  of p lay  and p a ren ta l behaviours has hopefu lly  re su lte d  
in  the study genera ting  a more complete p ic tu re  o f  ju v en ile  
so c ia l development than i f  only *play* and 'p a re n ta l  care* 
had been recorded. For example, a l l  the  ju v en ile  behaviours observed 
th a t  involved con tac t a re  regarded a s  promoting ju v en ile  
s o c ia lis a t io n ;  s o c ia l  p lay  i s  regarded as  ep isod ic  in te n s if ic a t io n  
o f dyadic body nosing and manoeuvering, i . e .  some a sp ec ts  o f  the  
s o c ia lis a t io n  p rocess.
l6 4
E vidently  p lay  in  th ese  roden ts can only begin to  be 
understood i f  th e  s ig n if ic a n c e  o f non-play body nosing (Mode I  
nosing in  the  M icrotus, see Chapter 3) i s  f i r s t  ap p rec ia ted .
When a young rodent noses ano ther, i t  may be doing more than 
merely in v e s tig a tin g  o r g ree tin g . In  f a c t ,  v i r tu a l ly  a l l  
ju v en ile  s o c ia l  in te ra c tio n s  in  th e  rodent spec ies  o f t h i s  study 
were circum scribed by body nosing. A s o c ia l  in te ra c tio n  between 
two young may c o n s is t  so le ly  o f  a s e r ie s  o f body nosing 
co n tac ts  to  the  same o r  varying p a r ts  o f  the  body; the nosing 
may be mainly by one p a r tn e r, o r th e  two anim als may nose 
tu rn  about. P lay by the young of these roden ts in  i t s  
r e la t iv e ly  simple form may involve 1. speeding up o f  the  r a te  
o f  r e p e t i t io n  o f nosing, 2. sim ultaneous nosing by both 
p a r tn e rs , and 3* lo com oto r-ro ta tional movements and in c reasin g ly  
re lax ed  muscle tone.
In M icrotus i t  seems to the  au tho r a s  i f  Mode I I  (p lay) 
nosing in te ra c tio n s  may r e l a t e  to  Mode I  nosing s im ila r ly  to  
the  way in  which running r e la te s  to  w alking ( in  any sp ec ie s): 
i t  achieves the  goal more ra p id ly , but can only be susta in ed  
in  s h o rt b u rs ts , s in ce  much energy i s  expended. P ossib ly  vo les 
may engage in  Mode I I  in te ra c tio n s  when th e re  i s  an u rgen t need 
to  c re a te , so lid ify  or in te n s ify  a  non-aggressive re la tio n s h ip .
The g re a te r  use by the  octodontid  young o f physica l 
manoeuvering i s  seen by the author a s  a  s tep  towards complexity 
in  ju v en ile  roden t in te ra c tio n s . V en te r-to -v en te r in te ra c t io n s
165
occur during p lay  (Mode I I ) in te ra c t io n s ,  but no t a t  a l l  during 
non-play, non-aggressive (Mode I ) ju v en ile  in te ra c tio n s . This i s  
tru e  o f  a l l  fou r rodent spec ies  o f  th i s  study, although the  
incidence o f  v e n te r-to -v e n te r  in te ra c t io n s  i s  very much h igher 
in  the octodontids compared w ith the M icrotus. The occurrence 
o f  v en te r-to -v e n te r  in te ra c tio n s  in  p lay th e re fo re  seems to  
mean more than ju s t  an in te n s if ic a t io n  o f Mode I  behaviour, and to  
re p re se n t an in crease  in  complexity and im p lica tion  o f the 
p lay  in te ra c tio n .
I  f e e l  th a t  a fu r th e r  s tre n g th  o f th i s  study l i e s  in  
drawing a t te n t io n  to  the s ig n if ic a n c e  o f body nosing d esp ite  
the absence o f  any anatom ically  d i s t in c t  glands in  the  body 
reg ions nosed. There i s  a t r a d i t io n  growing in  the mammal 
l i t e r a tu r e  o f research  a tten d in g  to  th e  function  o f anatom ically  
d i s t in c t  sk in  glands (e .g . Murphy, 1970; Johnston, 1975; Clarke 
and Frearson, 1972; M üller-Schwarze, 197%;Quay and Müller-Schwarze, 
1970; S toddart, 1972 a , b; Thiessen e t  a l . ,  1969; 1971;
S ale , 1970; Schulze-Westrum, 1969), and th i s  research  has
y ie ld ed  many e x c e lle n t r e s u l t s .  However, I  f e e l  th a t  i t  i s  
im portant f o r  research  in  th i s  f i e ld  to  remain open and s e n s i t iv e  
to  the  probable s o c ia l importance in  many species  o f skin  odour 
in  body reg ions where th e re  a re  no d i s t in c t  glands. None o f  the  
body regions nosed by the  ju v en ile  vo les and Octodontids o f th is  
study co n s titu te d  an anatom ically  v is ib le  gland, y e t the young
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anim als behaved a s  i f  nosing o f these  a reas  was o f the  utmost
-fc
s ig n if ic a n ce  in  th e i r  s o c ia l  development.
To conclude, the au th o r hopes th a t  the s l i ^ t l y  
unconventional themes o f th i s  th e s is  may co n trib u te  a l i t t l e  
towards focussing  a t te n t io n  on some under-appreciated  asp ec ts  
o f  ju v en ile  roden t behaviour which may become im portant 
in  understanding both the  development o f contact-prom oting 
behaviour in  sm all mammals and d iffe ren ces  in  s o c ia l s tru c tu re  
between r e la te d  sp ec ies.
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APPENDIX
DEFINITIONS
The fo llo w in g  are o p era tio n a l d e f in it io n s  o f  c e r ta in  words 
used in  the te x t  o f  t h i s  t h e s i s .
AGGRESSION ’A ggression ' r e fe r s  here to  a type o f  s o c ia l  in te r a c t io n  
in  which a t  l e a s t  one o f  the in te r a c ta n ts  behaves in  such a way as  
to  r e p e l ,  in ju r e , im m obilise , or r e s t r i c t  th e  movements o f  another  
c o n s p e c if ic . The behaviour may in c lu d e  chasing or p h y s ic a l  
manoeuvering, and the anim als g iv e  the appearance o f  ten se  body 
tone.
DEFENSIVE 'D efen siv e ' i s  used here to  q u a lify  s o c ia l  behaviour  
which in v o lv e s  jerk y , h e s ita n t ,  warding and sometimes withdrawal 
movements by a t  l e a s t  one o f  the in te r a c ta n ts  w ith regard to  
the o th er ,
AMICABLE 'Am icable' i s  used here to  q u a lify  s o c ia l  behaviour  
which in v o lv e s  d o c ile  con tact between in te r a c ta n ts  who do not 
attem pt to  r e p e l , in ju r e , im m ob ilise , or r e s t r i c t  the movements 
o f  each o th er .
ALLOGROOMING One anim al l i c k s  or n ib b le s  a n o th e r 's  fu r  in  a 
d o c ile  manner.
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PLAY ’P la y ’ r e fe r s  here to  am icable (as d efin ed  above) s o c ia l  
in te r a c t io n  in v o lv in g  quick  body movements, rap id  p rogression  
from one a c t  to  th e n ex t, and e i th e r  p h y s ic a l manoeuvering (such  
a s  in  the m utual-upright p o s it io n )  or lo c o m o to r -ro ta tio n a l movements 
(such a s  jumping or head -sh ak in g). The anim als g iv e  the appearance 
o f  re la x ed  body ton e.
Mode I  in te r a c t io n s  (Chapter I I I )  are am icable s o c ia l  
in te r a c t io n s  between young v o le s  which in v o lv e  body n osin g  w ithout  
s a t is f y in g  ihe 'play* c r i t e r ia  a s  d efin ed  h ere . Mode I I  in te r a c t io n s  
d i f f e r  from Mode I  in  th a t  the anim als' movements s a t i s f y  the  
c r i t e r ia  fo r  ' p la y ' .
SOCIALITY S o c ia l i t y  r e fe r s  here to  a tendency fo r  c o n s p e c if ic s  
to  m aintain proxim ity  to  one another.
OLFACTORY EXCHANGE The exchange o f  in form ation  contained  in  
the chem istry of the anim als' body s e c r e t io n s  when the anim als  
nose one a n o th e r 's  b o d ies .
